




































Ac                  acetyl 
acac        acetylacetone 
AIBN        azobisisobutyronitrile 
aq        aqueous 
Ar        aromatic, aryl 
Bn        benzyl 
bpy        2,2’-bipyridyl 
br        broad 
Bu        butyl 
Bz        benzoyl 
c        cyclo 
conc.        concentrated 
cod        1,5-cyclooctadiene 
d        doublet 
dba        dibenzylideneacetone 
DBU        diazabicycloundecene 
dd        doublet of doublets 
ddd        doublet of doublets of doublets 
dpephos        2,2’-bis(diphenylphosphino)diphenyl ether 
dppf        1,1'-Bis(diphenylphosphino)ferrocene 
6-DPPon    6-diphenylhposphanylpyridone 
dq        doublet of quartets 
DMF        N,N-dimethylformamide 
DTBHN        di-tert-butylhyponitrite 
eq.        equivalent 
ESI        electrospray ionization 
Et        ethyl 
EWG                electron withdrawing group 
gem                 geminal 
hexane        n-hexane 
HRMS        high resolution mass spectrum 
i        iso 
IR        infrared 
  
L        leaving group 
LDA        lithium diisopropylamide 
m        multiplet 
Me        methyl 
Mp        melting point 
MPM        p-methoxyphenylmethyl 
MS        mass spectrum 
n        normal 
NMR        nuclear magnetic resonance 
NOESY        nuclear Overhauser enhancement and exchange spectroscopy 
NR        no reaction  
Nu        nucleophile 
Ph        phenyl 
Pr        propyl 
q        quartet 
qt        quartet of triplets 
quant.        quantitative 
rt        room temperature 
s        singlet 
s        secondary 
t        triplet 
t        tertiary 
td        triplet of doublets 
TBS        tert-butyldimethylsilyl group 
temp.        temperature 
TEMPO        2,2,6,6-tetramethylpiperidinyloxy 
Tf        trifluoromethanesulfonyl 
THF        tetrahydrofuran 
TLC        thin layer chromatography 




 各化合物の命名は、原則として Chemical Abstracts の命名法に従ったが、スペクト
ルデータの記載や立体化学は、慣用的なものを使用した。  
 なお、シクロプロパン環炭素の Numbering が化合物によって異なるため、混乱を













































第３節 Permethrin の形式全合成----------------------------------------------------------35 







































 シクロプロパン類 1) やシクロプロペン類 2) は、医薬品をはじめとする生物活性化合
物の合成において有用な合成素子として利用されている化合物群である。その理由と
して、2 つの特異な性質が考えられる。1 つは異常な結合角に起因する高い反応性をも
つため、通常困難な炭素－炭素結合の開裂が進行しやすい点である。3) もう 1 つは、




－炭素結合の開裂を伴って還元体を与える  (式 2)。4) また、シクロプロペン類のヒド
ロホルミル化反応は、アルキンとほぼ同じ反応条件で進行することが報告されている 






























体 3 が得られると考えた。 
 
 




ステルを有するトリクロロメチルシクロプロパン 4a の 2,3-trans 体 (以下、2,3-trans-4a)
を基質として用いて、テトラフルオロホウ酸テトラブチルアンモニウム存在下、テト
ラフルオロホウ酸銀との反応を—10 °C で検討した。その結果、期待通り塩化物イオン  




 本論文では立体化学の表記 (trans、cis、anti および syn)は、すべて相対配置を表す。 
の脱離、C2-C3 結合の開裂、フッ素原子の導入が進行し、位にフッ素原子および位
に gem-ジクロロビニル基をもつ鎖状エステル 5a の anti 体 (以下、anti-5a)が 81%の収
率で立体選択的に得られた。次に、3 位の立体配置が異なる 4a の 2,3-cis 体 (以下、
2,3-cis-4a)を用いて同条件下で反応を行った結果、syn の立体配置をもつ 5a (以下、
syn-5a)が 59%の収率で得られた。したがって、本反応は立体特異的に進行していると
考えられる (第 1 章第 1 節第 1 項)。12) 
 
 
Scheme 3. Ring-opening fluorination of trichloromethylcyclopropanes. 
 









Scheme 4. Possible reaction pathway of ring-opening fluorination. 
 
 シクロプロパン環の 3 位の置換基効果について検討した (Scheme 5)。その結果、ベ
ンジル基を有する 2,3-trans-4b を用いた場合では、上述の反応の立体選択性とは異なり
syn-5b が優先して得られた。また興味深いことに、主生成物としてフェニル基の転位





Scheme 5. Substituent effects of ring-opening fluorination. 
 
 syn-5b およびラクトン 6 は、フェノニウムイオン中間体 F を経由して反応が進行す
ることで生成したと考えられる (Scheme 6)(第 1 章第 1 節第 3 項)。12) 
 
Scheme 6. Possible reaction pathway via the phenonium ion intermediate. 
 
次に、2,3-trans-4a を THF 溶液中、酢酸銀との反応を封管中、100 °C で検討した 
(Scheme 7)。その結果、興味深いことに、テトラフルオロホウ酸銀を用いた場合とは対
照的に、シクロプロパン環の C1-C2 結合が開裂し、さらにエステルの位に水素原子
が導入されたと考えられる位に gem-ジクロロビニル基をもつ鎖状エステル 7a が 82%
の収率で得られることが明らかとなった  (第 1 章第 2 節第 1 項)。12) 
 
 
Scheme 7. Reductive ring-opening reaction of trichloromethylcyclopropane. 
 
酢酸銀を用いた開環反応の反応経路について考察した (Scheme 8)。まず、銀イオン
が溶媒の THFに還元され、0価の銀が生成する。13) 次に生成した 0価の銀が 2,3-trans-4a
のトリクロロメチル基の塩素原子を一電子還元し、塩化銀とジクロロメチルラジカル
G が生成した後、シクロプロパン環の C1-C2 結合が開裂し、-カルボニルラジカル H
5 
 
が生成する。最後に、H が THF から水素原子を引き抜くことで gem-ジクロロビニル化
合物 7a が得られたと考えられる (第 1 章第 2 節第 2 項)。12) 
 




が明らかとなった (第 1 章第 2 節第 3 項)。12) 
 
還元的ラジカル反応を用いて疥癬治療薬である Permethrin 14) の合成に着手した 
(Scheme 9)。トリクロロメチルシクロプロパンカルボン酸エステル 2,3-trans-4c をエタ
ノール中、濃塩酸で処理すると、TBS 基の脱保護と環化反応が進行し、ビシクロラク
トン 8 が 77%の収率で得られた。次に 8 の THF 溶液を酢酸銀存在下、封管中、100 °C
で加熱すると還元的ラジカル開環反応が進行し、gem-ジクロロビニル基を有するラク
トン 9 が 77%の収率で得られた。9 は文献の方法に従って 15) Permethrin へと誘導でき
ることから、Permethrin の形式全合成を達成した (第 1 章第 3 節)。12) 
 
 






位に gem-ジクロロビニル基をもつ鎖状エステル 10a の anti 体 (以下、anti-10a)が 93%
の収率で立体選択的に得られた。また、3 位の立体配置が異なる 2,3-cis-4a を用いて還




ることが明らかとなった (第 2 章第 1 節第 1 項)。 
 
 




が生成する。次に、塩化物イオンのシクロプロパン環 3 位への求核攻撃と C2-C3 結合
の開裂が進行し、anti-10a が得られたと考えている。なお、溶媒のクロロホルムが塩素
源となる可能性も考えられる。また、本反応は立体特異的に進行したことから、SN2
型で進行していると考えられる (第 2 章第 1 節第 2 項)。 
 
 




の開環体が得られることが分かった (第 2 章第 1 節第 3 項)。 
 
イオン機構による塩素原子導入反応の開発に成功したので、次にラジカル機構によ
る塩素原子導入反応の開発を目指し、1 価の塩化銅との反応を検討した (Scheme 12)。




行し、位に塩素原子および位に gem-ジクロロビニル基をもつ鎖状エステル 11a が 1：
1 のジアステレオマー混合物として 95%の収率で得られた。 
 
 
Scheme 12. CuCl-catalyzed atom-transfer ring-opening reaction. 
 
本反応の反応経路について考察した (Scheme 13)。はじめに、1 価の塩化銅がトリク
ロロメチル基の塩素原子を一電子還元し、ジクロロメチルラジカル G と 2 価の塩化銅
が生成する。次に、安定な-カルボニルラジカル H が生成するようにシクロプロパン
環の C1-C2 結合が位置選択的に開裂する。最後に 2 価の塩化銅から塩素ラジカルが供
与され、11a が得られたと考えている (第 2 章第 2 節)。 
 
 





ステルを有するシクロプロペン 12a を THF 溶液中、還流条件下で 3 当量の亜硝酸 t-ブ
チルとの反応を検討した。その結果、ニトロ化反応が進行しニトロシクロプロパン 13a
が 1：1 のジアステレオマー混合物として得られた (第 3 章第 1 節第 1 項)。 
 
 




本反応の反応経路を考察した (Scheme 15)。本ニトロ化反応は 2 つの経路により進行
していると考えられる。1 つは、まず亜硝酸エステルの熱分解によって生成した一酸化
窒素がより安定な三級の炭素ラジカルを生成するように、シクロプロペンの 3 位に位
置選択的に付加し、シクロプロピルラジカル K が生成する。次に、K が THF から水素
ラジカルを引き抜き中間体 14 が生成した後、14 が酸化されることで 13a が生成する経
路が考えられる (path a)。もう 1 つの経路は、まず系内で発生した一酸化窒素が酸化さ
れ、二酸化窒素が生成する。次にこの二酸化窒素がシクロプロペンの 3 位に位置選択
的に付加し、中間体 Lを経由して 13aが生成すると考えられる (第 3 章第 1節第 2項)。 
 
 




行することが分かった。 (第 3 章第 1 節第 3 項)。 
 
得られたニトロシクロプロパン類の合成素子としての有用性を示すために、還元反
応を行った (Scheme 16)。ニトロシクロプロパン 13a を亜鉛粉末および塩酸で処理する
と、オキシム 15 が E/Z＝2：1 の混合物として 72%の収率で得られた。一方、13a を水
素雰囲気下、Raney Ni で処理すると、-ラクタム 16 が 77%の収率で得られることが明

























中に含まれている。例えば、Sigillin A は摂食抑制作用を有する化合物である。16) また、
Permethrin および Cypermethrin は、人に対する毒性が低く、高い殺虫活性をもつこと
から、農薬や医薬品などの用途に広く用いられている (Figure 1)。14) 
 
 
Figure 1. Biologically active compounds containing gem-dichloroalkenyl group. 
 
また、gem-ジクロロアルケニル基を有する化合物は合成化学的に重要な中間体とし
ても知られている。例えば、Roulland は脂質異常症治療薬候補化合物である Oocydin A 
(Haterumalide NA または FR177391) 17) の合成のために、gem-ジクロロアルケニル化合
物 17 とテトラヒドロフラン環をもつアルキルボラン 18 との鈴木－宮浦カップリング









これまでに報告されている gem-ジクロロアルケニル化合物の合成法は、主に 2 つに
分類される。1 つは、C1 炭素ユニットとしてジクロロメチレン部分を形式的に導入し
合成する方法である (Scheme 18)。19-22) 特に、アルデヒドまたはケトン 20 を基質とし
た Horner-Wadsworth-Emmons タイプの反応は、gem-ジクロロアルケニル化合物 21 を合
成する最も直接的で一般的な方法である  (式 1)。19) また、トリクロロメチルアニオン
をカルボニル基に付加させ、トリクロロメチルカルビノール 22 とした後、脱離反応に
よって段階的に合成する方法も報告されている  (式 2)。20) その他の方法としては、末
端アルケン 23 とジクロロケテンとの[2+2]付加環化によってシクロブタノン 24 を得た
後、光分解によって gem-ジクロロビニル化合物を得る方法 (式 3) 21) やアルケンにトリ




Scheme 18. Synthesis of gem-dichloroalkenyl compounds by introduction of one carbon 
unit. 
 
もう 1 つは C2 または C3 ユニットとして、gem-ジクロロアルケニル基を直接導入す
る方法である (Scheme 19)。22-24) C2 ユニットの導入としては、ヨウ化アルキル 28 とジ
クロロビニルエチルスルホンを用いたラジカル付加－脱離反応 (式 5) 23) や、アシリウ




トン 20 に直接付加させる反応などが報告されている  (式 7)。24) 
 
 
































ロロメチルカチオン A が生成する。次に、より安定なカルボカチオン B が生成するよ
うに C2-C3 結合の開裂が進行する。最後に、カルボカチオン B に求核剤が付加するこ
とで開環体 2 が得られると考えられる。一方、トリクロロメチル基から塩素ラジカル
が脱離すれば、ジクロロメチルラジカル C が生成する。続いて、電子求引基による共
鳴効果によって安定化されたラジカル D が生成するように C1-C2 結合が開裂する。最





















モアリル位にフッ素原子が導入された gem-ジクロロアルケニル化合物 34 が得られる
と考えた (Scheme 22)。 
 
 









 はじめに、基質となるトリクロロメチルシクロプロパン類の合成を行った。  
文献の方法に従って、29) 酢酸ロジウムを触媒として 1-ヘキシンをジアゾ酢酸エチル
(35)でシクロプロペン化し、シクロプロペンカルボン酸エステル 12a を 83%の収率で得
た。続いて、12a をクロロホルムとトリエチルボランを用いたトリクロロメチルラジカ
ル付加反応 12) に付すことにより、目的のトリクロロメチルシクロプロパン 2,3-trans-4a
を 63%、2,3-cis-4a を 14%の収率でそれぞれ得た (Scheme 23)。 
 
 






が 49%の収率で立体選択的に得られた (entry 1)。また副生成物としてラクトン 36 も
12%の収率で得られた。なお、ラクトン 36 は二重結合の位置異性体 37 との混合物と
して得られたため、その混合物をトリエチルアミンで 36 へと異性化させた (Scheme 
24)。また、本反応条件下では構造決定できない副生成物が多く生成しており、反応が
複雑化していたため、次に低温条件下で検討した。その結果、—10 ℃で反応を行った場
合に、収率が向上し、60%の収率で anti-5a が得られた (entry 2)。また他の銀塩として、
ヘキサフルオロリン酸銀やヘキサフルオロアンチモン酸銀を用いて反応を行ったとこ
ろ、30) フッ素化体 anti-5a はほとんど得られず、ラクトン 36 が主生成物として得られ






anti-5a が 81%の収率で得られた (entry 7)。なお、テトラフルオロホウ酸テトラブチル
アンモニウムのみで反応を行った場合では開環反応が進行しなかったことから、本反
応には銀イオンが必須であることが明らかとなった  (entry 8)。 
 




Scheme 24. Isomerization of lactone 37. 
 
続いて、3 位の立体配置が異なる 2,3-cis-4a を用いて、最適条件下 (Table 1, entry 7) で
反応を行った。その結果、syn-5a が 59%の収率で立体選択的に得られた。この結果か




Scheme 25. Stereochemistry of ring-opening fluorination. 
 
なお、anti-および syn-5a の立体構造は次のように推定した。Ayi らは、-フルオロエ
ステル anti-38とそのジアステレオマーである syn-38の立体選択的合成に成功している。
31)
 これらの化合物の 1H-NMR スペクトルにおいて、2 位水素と 3 位フッ素のビシナル
カップリング定数を比較すると、anti-38 のカップリング定数 (3JHF = 21.48 Hz)の方が
syn-38 のカップリング定数 (3JHF = 9.60 Hz)よりも十分に大きい値を示すことが報告さ
れている。この報告を参考にして、今回合成した anti-および syn-5a の 2 位水素と 3 位
フッ素のビシナルカップリング定数を比較すると、anti-5a のカップリング定数 (3JHF = 
28.0 Hz)の方が syn-5a のカップリング定数 (3JHF = 12.0 Hz)よりも十分に大きい値を示
している。したがって、より大きいカップリング定数を示した方を anti 体、より小さ
いカップリング定数を示した方を syn 体とそれらの構造を推定した (Figure 2)。 
 
 
Figure 2. Stereochemistry of 5a. 
 
また、ラクトン 36 の立体構造に関しては NOESY スペクトルにより確認した。すな
わち、ジクロロメチル基の水素と 4 位の水素間にクロスピークが認められたため、E





Figure 3. Stereochemistry of lactone 38. 
 










の推定生成経路を Scheme 26 に示す。はじめに、テトラフルオロホウ酸銀から発生し
た銀イオンが 2,3-trans-4a のトリクロロメチル基の塩素原子に配位した後、3 位炭素へ
のフッ化物イオンの求核攻撃、C2-C3 結合の開裂および塩素原子の脱離が連続して進
行し anti-5a が生成したと考えられる。また、2,3-cis-4a から syn-5a への変換も同様の
反応経路で進行していると考えることができる。なお、本反応は立体特異的に進行し
たことから、SN2 型で進行していると考えられる。  
 
 
Scheme 26. Plausible reaction pathway of the ring-opening fluorination. 
 



















クロプロペンカルボン酸エステル 12b,d-f を得た (Table 2)。 
 





を合成した (Table 3)。 
 





を検討した (Scheme 28)。i-ブチル基を有する 4d や n-オクチル基を有する 4e、フェネ





Scheme 28. Substituent effects of ring-opening fluorination. 
 
次に、ベンジル基を有する 2,3-trans-4b とテトラフルオロホウ酸銀との反応を検討し
た (Scheme 29)。その結果、上述の反応の立体選択性とは異なり syn-5b が優先して得
られた。また、興味深いことに、主生成物としてフェニル基の転位が進行したと考え
られるラクトン 6 が、単一の立体異性体として 48%の収率で生成した。 
 
 
Scheme 29. Ring-opening fluorination of 2,3-trans-4b. 
 
ここで得られた生成物 anti-5b,d-f および syn-5b の立体構造は次のように推測した 
(Figure 4)。まず、anti-5d-f は anti-5a の 1H-NMR スペクトルにおける 2 位水素と 3 位フ
ッ素のビシナルカップリング定数との類似性により推測した。すなわち、これらの 2
位水素の HF カップリング定数は、それぞれ 28.0 Hz、28.0 Hz、27.5 Hz と十分に大き
い値を示したことから、anti 体と推定した。 
anti-および syn-5b の立体構造は、それぞれの 1H-NMR スペクトルにおける 2 位水素
と 3 位フッ素のビシナルカップリング定数の比較により確認した。すなわち、anti-5b
のカップリング定数 (3JHF = 28.0 Hz)の方が syn-5b のカップリング定数 (
3
JHF = 13.0 Hz)
よりも十分に大きい値を示していることから、より大きなカップリング定数を示した






Figure 4. Stereochemistry of anti-5b,d-f and syn-5b. 
 
 また、ラクトン 6 の立体構造に関しては、NOESY スペクトルにおいて、3 位の水素
のシグナルと芳香族オルト位の水素のシグナルとの間でクロスピークが観測されたこ
と、さらにジクロロビニル基の水素と 4 位の水素との間でクロスピークが観測された
ことから 3,4-trans 配置であると推定した (Figure 5)。 
 
 
Figure 5. Stereochemistry of lactone 6. 
 
 そこで、ベンジル基を有する基質 2,3-trans-4b のテトラフルオロホウ酸銀との反応の
反応経路について考察した (Scheme 30)。まず、anti-5b は、テトラフルオロホウ酸銀
から発生した銀イオンが 2,3-trans-4b のトリクロロメチル基の塩素原子に配位した後、
3 位炭素へのフッ化物イオンの求核攻撃、C2-C3 結合の開裂および塩素原子の脱離が連
続して進行し生成したと考えられる (path a)。 
 一方、syn-5b の生成経路に関しては、はじめにシクロプロパン環の開環に伴いベン
ゼン環からの求核攻撃が進行し、フェノニウムイオン中間体 Fが生成する (path b)。32,33) 
次に、フッ化物イオンの求核攻撃とシクロプロパン環の開環反応が進行して得られた
と考えられる (path c)。 
24 
 
 また、ラクトン 6 はフェノニウムイオン中間体 F が生成した後、エステルのカルボ
ニル酸素がシクロプロパン環炭素へ求核攻撃することで生成したと考えられる  (path 
d)。 
得られた化合物 anti-5b、syn-5b およびラクトン 6 の収率を比較すると、フェノニウ
ムイオン中間体を経由する反応が主経路であると考えられる。これは、一般的に分子
間反応であるフッ素原子の導入よりも分子内反応であるベンゼン環からの求核攻撃の






















いた場合ではフッ素化体 anti-5a はほとんど得られず、ラクトン 36 が主生成物として
得られた。したがって、求核性を有するフッ素原子をもたない銀塩を用いて反応を行
えばラクトン 36 が選択的に得られると考えられる (Scheme 31)。 
 
 
Scheme 31. Strategy for synthesis of lactone 36. 
 
そこで著者は、ラクトン 36 を選択的に得るためにフッ素原子をもたない銀塩である
酢酸銀とトリクロロメチルシクロプロパン 2,3-trans-4a の反応を検討した (Table 4)。は
じめに、2,3-trans-4a を 2.4 当量の酢酸銀存在下、溶媒としてジクロロメタンと THF を
用いて、室温で反応を行った。しかし、目的の反応は全く進行せず、原料が回収され
るのみであった (entries 1 and 2)。そこで次に、反応温度を上げるため、THF 還流条件
で反応を検討した。その結果、ラクトン 36 は得られなかったものの、gem-ジクロロビ
ニル化合物 7a が 25%の収率で得られた (entry 3)。前節で述べたテトラフルオロホウ酸





7a の収率は 90%にまで向上した (entry 4)。また、酢酸銀を 1.2 当量まで減らしても高
収率で 7a が得られた (entry 5)。次に、種々の銀塩を用いて反応を検討したが、収率の




Table 4. Optimization of the reductive ring-opening reaction. 
 
 
 以上のように、トリクロロメチルシクロプロパン 2,3-trans-4a の THF 溶液を酢酸銀
存在下、封管中、100 °C で反応を行うと、テトラフルオロホウ酸銀を用いた場合とは












炭酸カリウムおよびメタノールで処理すると、スチレン 39 への THF ラジカル付加反
応が進行し、40 が得られることが報告されている (Scheme 32)。この反応では、1 価の
銀塩が溶媒の THF に還元されることで、0 価の銀が生成すると考えられている。  
 
 




で 0 価の銀を用いて本反応を行ったところ、gem-ジクロロビニル化合物 7a が 67%の収
率で得られた (Scheme 33)。 
 
 






7a は得られず、フッ素化体 anti-5a が低収率ながら生成した (Table 5)。 
 
Table 5. Solvent effects of the reductive ring-opening reaction with AgF. 
  
 




 0 価の銀はハロゲン原子を一電子還元することが知られている。33) 例えば、大嶌ら
は硝酸銀を触媒とした塩化アルキル 41と臭化ベンジルマグネシウムとのカップリング
反応が、0 価の銀による塩化アルキルの一電子還元を経由して進行することを報告して
いる (Scheme 34)。35c) この反応では、はじめに硝酸銀が臭化ベンジルマグネシウムに
還元され、0 価の銀が生成する。続いて、0 価の銀が塩化アルキル 41 の塩素原子を一









Scheme 34. Silver catalyzed benzylation reaction of alkyl halide.  
 
そこで、本開環反応がラジカル機構で進行しているかを明らかにするために、下記
の実験を行った (Scheme 35)。まず、ラジカル捕捉剤である TEMPO を加えて検討した
ところ、ジクロロビニル化合物 7a は得られなかった (式 1)。また、種々の金属塩と反
応しラジカル環化反応が進行することが知られている N,N-ジアリルトリクロロアセト
アミド(43) 36) を基質として酢酸銀による反応を行ったところ、5 員環ラクタム 44 が
55%の収率で得られた (式 2)。44 はジクロロメチルラジカル U が生成した後、5-exo-trig









7a のエステル位の水素源を明らかにする目的で重水素化実験を行った。重 THF 溶
液中で反応を行った結果、低収率ではあったものの、エステルの位が重水素化された
gem-ジクロロビニル化合物 7a’が重水素化率 99%以上で得られた (Scheme 36)。また、
本開環反応において副生成物として THF 由来であると考えられるラクトン 45 の生成
が確認された。以上の結果より、位の水素源は溶媒の THF であると考えられる。 
 
 
Scheme 36. Deuterium labeling reaction. 
 
以上の結果を基に、本反応の反応経路を考察した  (Scheme 37)。まず、銀イオンが溶
媒の THF に還元され、0 価の銀が生成する。次に生成した 0 価の銀が 2,3-trans-4a のト
リクロロメチル基の塩素原子を一電子還元し、塩化銀とジクロロメチルラジカル G が
生成した後、シクロプロパン環の C1-C2 結合が開裂し、-カルボニルラジカル H が生






Scheme 37. Possible reaction pathway of reductive ring-opening reaction. 
 
なお、シクロプロパン環が開環する際に、C1-C2 結合が開裂して H が生成する経路
と C2-C3 結合が開裂して W が生成する経路が考えられるが、開環して生成するラジカ












チルシクロプロパン 4g-j の合成を行った。まず、シクロプロペン 12g,h は酢酸ロジウ
ムを触媒として、ジアゾ酢酸エチル(35)によるアルキンのシクロプロペン化により合成
した。また、ニトリルを有するシクロプロペン 12i は、2-アミノアセトニトリル 46 を
亜硝酸ナトリウムを用いてジアゾ化し、ジアゾアセトニトリル(47)とした後、38) 酢酸
ロジウムを触媒として 1-ヘキシンのシクロプロペン化によって調製した。Weinreb アミ














Table 6. Preparation of trichloromethylcyclopropanes. 
 
 
本開環反応の基質一般性について検討した (Table 7)。まず、3 位の立体配置が異な
る 2,3-cis-4a を用いて反応を行った結果、trans 体を用いた場合と同様に高収率で目的
の開環体が得られた (entry 1)。したがって、本反応では 3 位の立体配置は影響しない
ことが分かった。 
次に置換基効果について検討した。まず、3 位の置換基について検討した結果、分岐
鎖をもつ 4d や 4g、側鎖の伸長した 4e、シクロペンチル基を有する 4h においても効率
よく反応は進行した (entries 3-6)。一方、芳香環を有する 4b を用いた場合では、開環
体は中程度の収率で得られた (entry 2)。次に、1 位の置換基効果について検討した結果、
ニトリルを有する 4i や Weinreb アミドを有する 4j を用いた場合でも効率よく反応が進




















第３節 Permethrin の形式全合成 
 
除虫菊から単離された天然殺虫成分である Pyrethrin は構造の類似した 6 種類のエス






って行われてきた。14b) このような Pyrethrin の構造をもとにデザインされた化合物は
ピレスロイドと呼ばれ、これまでに様々なピレスロイドが開発されている。1972 年に
Elliott らによって開発された gem-ジクロロビニル基を有するピレスロイドである






Figure 6. Natural and synthetic pyrethroids. 
 
そこで著者は前節で開発した還元的ラジカル反応を用いて疥癬治療薬である
Permethrin の合成に着手した (Scheme 39)。はじめに、酢酸ロジウムを触媒としてジア




理すると、TBS 基の脱保護と環化反応が進行し、ビシクロラクトン 8 が 77%の収率で
得られた。続いて 8 の THF 溶液を酢酸銀存在下、封管中、100 °C で加熱すると還元的
ラジカル開環反応が進行し、ジクロロビニル基を有するラクトン 9 が 77%の収率で得
36 
 
られた。9 は Permethrin 合成の鍵中間体として用いられている化合物であり、文献の方
法に従って、15) Permethrin へと合成できる。 
 





る 2 種類の gem-ジクロロビニル化合物が得られることを見出した。すなわち、トリク
ロロメチルシクロプロパン 4 をテトラフルオロホウ酸銀で処理すると、塩化物イオン
の脱離、C2-C3 結合の開裂およびフッ素化が進行し、位にフッ素原子および位に gem-
ジクロロビニル基をもつ鎖状エステル 5 が得られる。一方、4 を THF 溶液中、酢酸銀
で処理すると、塩素ラジカルの脱離、C1-C2 結合の開裂および還元が進行し、位に gem-




















困難であった。そこで著者は、この脱離する塩素原子を開環中間体 B および D に再び
導入することができれば、反応基質に含まれる原子を無駄にしないグリーンケミスト
リーに適した反応が開発できると考えた  (Scheme 41)。 
 
 
Scheme 41. Strategy for atom-transfer ring-opening reaction. 
 
このような様式の反応は原子移動型反応と呼ばれ、有機合成において最重要反応群
の 1 つとして認識されている。39-41) 特に、有機ハロゲン化物を用いた原子移動型反応
は多くの医薬品をはじめとする生物活性化合物の合成にも用いられており、これまで
に様々な様式の反応が報告されている。40,41) 例えば、付加反応や重合反応、環化反応、








化反応の例のみである。40) すなわち、シクロプロパン環上に 2 つの電子求引基をもつ
ヨウ化メチルシクロプロパン 52 をラジカル開始剤存在下、アルケンと反応させるとシ
クロプロパン環の開環と[3+2]付加環化反応が進行し、官能基化されたシクロペンタン


















した後、C2-C3 結合が開裂し、カルボカチオン B を与える。次に、塩化物イオンが B
に付加することで 50 が生成すれば、塩化物イオンの脱離を経由した原子移動型開環反
応が開発できると考えられる (Scheme 44、式 1)。一方、ジアルキル亜鉛がラジカル開
始剤として働けば、はじめにジアルキル亜鉛と酸素から発生したアルキルラジカルが
トリクロロメチル基から塩素ラジカルを引き抜き、ジクロロメチルラジカル C が生成
する。次に、C1-C2 結合が開裂し、ラジカル D が生成した後、D が 1 から塩素ラジカ
ルを引き抜くことができれば、51 が得られ、塩素ラジカルの脱離による原子移動型開









チル亜鉛で処理したところ、目的の開環反応は進行しなかった  (Table 8, entry 1)。次に、
還流条件で反応を行ったところ、シクロプロパン環の C2-C3 結合の開裂が進行し、



























 得られた 2 種類の開環体の相対立体配置を確認するために、anti-および syn-10a の化




られた方の立体配置を anti 体、Z 体が得られた方の立体配置を syn 体と推定した。 
 
 
Scheme 45. Conversion of anti- and syn-10a into conjugated diene (E)- and (Z)-55. 
 
また、共役ジエン(E)-および(Z)-55 の立体構造は、NOESY スペクトルにより確認し
た (Figure 7)。まず、(E)-55 は 1’位のオレフィン水素と 4 位のメチレン水素間にクロス
ピークが観測されたことから、E 体であると確認した。一方、(Z)-55 は、3 位のオレフ
























Scheme 46. ZnCl2-mediated addition reaction. 
 
また、ジアルキル亜鉛がルイス酸として機能し、塩化アルキルと反応する例として、
古川らによるカチオン重合反応が報告されている  (Scheme 47)。44) 
 
 
Scheme 47. ZnEt2-mediated polymerization. 
 
以上の文献を参考にして、本開環反応の反応経路を推定した  (Scheme 48)。まず、ジ
メチル亜鉛がトリクロロメチル基の塩素原子に配位した後、塩化物イオンを引き抜き、
ジクロロメチルカチオン J が生成する。45) 次に、塩化物イオンのシクロプロパン環 3













ン酸エステル 12k-o を得た (Table 9)。 
 













Table 10. Preparation of trichloromethylcyclopropanes 4k-o. 
 
 
次に、置換基効果について検討した  (Table 11)。直鎖状のアルキル基を有する基質
2,3-trans-4k-m を用いた場合、室温でも反応は進行し、高収率かつ高立体選択的に目的
の開環体 anti-10k-m が得られた (entries 2-4)。続いてアリ－ルエチル基を有する基質
2,3-trans-4f,n,o の反応を検討した。その結果、フェネチル基の場合は室温で反応は進行
し、anti-10f が高立体選択的に得られた (entry 1)。これに対して、ナフチルエチル基お
よび 4-ブロモフェネチル基を有する基質 2,3-trans-4n,o の反応はやや進行しにくく、加
熱条件が必要であったが、いずれも高立体選択的に anti-10n および anti-10o が得られ
た (entries 5 and 6)。 
 













2,3-trans-4a の 1,2-ジクロロエタン溶液を 0.1 当量の塩化銅および 2,2’-ビピリジル存
在下、還流すると、期待通りシクロプロパン環の C1-C2 結合の開裂による開環反応が
進行し、位に塩素原子および位に gem-ジクロロビニル基をもつ鎖状エステル 11a が
1：1 のジアステレオマー混合物として 95%の収率で得られた (Table 12, entry 1)。次に、
3 位の立体配置が異なる 2,3-cis-4a を用いて本反応を行った結果、高収率で目的の開環
体 11a が 2,3-trans-4a を用いた場合と同様に 1：1 のジアステレオマー混合物として得
られた (entry 2)。したがって、本反応において 3 位の立体配置は影響を及ぼさないこ
とが分かった。続いて、3 位の置換基効果について検討した結果、n-オクチル基や i-
ブチル基を有する基質では同様に高収率で目的の開環体 11d,e が得られた (entries 3 
and 4)。一方、t-ブチル基を有する基質では、反応の進行が遅く、反応時間の延長が見
られたが、高収率で目的の開環体 11g が得られた (entry 5)。 
 





本反応の反応経路について検討した (Scheme 49)。はじめに、1 価の塩化銅がトリク
ロロメチル基の塩素原子を一電子還元し、ジクロロメチルラジカル G と 2 価の塩化銅
が生成する。次に、安定な-カルボニルラジカル H が生成するようにシクロプロパン



























れまでに様々な合成法が開発されている (Scheme 50)。49-55) 例えば、イリド 61 または
ジアゾニトロメタン 63 とアルケン 62 との付加反応で得る方法 (式 1 および式 2) 49,50) 
やニトロアルケン 64 と炭素求核剤 65 との Michael 付加反応と酸化的環化反応によっ
て合成する方法 (式 3)、51) 隣接する炭素上に 2 つの脱離基を有するアルカン 66 とニト
ロメタン 67 の求核置換反応によって合成する方法 (式 4)、52) また分子内反応では位











フェニルアセチレン(69)を THF溶液中、TEMPO 存在下、亜硝酸 t-ブチルで処理すると、
ニトロスチレン 70 が得られることを報告している (Scheme 51)。57) この反応では、系
内で発生した二酸化窒素が 69 に付加しビニルラジカル AD が生成した後、TEMPO に
よって捕捉されることで 70 が得られたと考えられている。 
 
 




れる (Scheme 52)。さらに、生成した AEを溶媒の水素原子で捕捉することができれば、





Scheme 52. Strategy for nitration of cyclopropens with alkyl nitrite.  
 
これまでに、シクロプロペン類へのラジカル付加反応については著者が知る限り、
数例しか報告されていない (Scheme 53)。すなわち、Zard ら Zaičić らによって報告され
たキサンテートをラジカル前駆体として用いた例 (式 1) 8) や、著者の研究室において
開発されたクロロホルムとトリエチルボランを用いたトリクロロメチルラジカル付加
反応の例 (式 2)、9) Landais らによって報告されたヨウ化アルキルを用いる例のみであ
る (式 3)。10) 
 
 


















第 1 章、第 2 節、第 2 項で THF がラジカル反応において水素ラジカル供与体となり
うることが明らかとなったので、溶媒として THF を選択し、亜硝酸エステル類との反
応を検討した (Table 13)。シクロプロペン 12a の THF 溶液を、封管中、100 ℃で 2 当
量の亜硝酸 t-ブチルで処理すると、期待したニトロ化反応が進行し、ニトロシクロプ
ロパン 2,3-trans-13a とそのジアステレオマーである 2,3-cis-13a が 1：1 の混合物として
27%の収率で得られ、また同時に原料である 12a も 22%回収された (entry 1)。13a は、
シクロプロペン 12aの 3位にニトロ基、2位に水素原子が付加し生成したと考えられる。
次に、原料をすべて消費させるために、4 当量の亜硝酸 t-ブチルを用いて反応を行った
ところ、収率が向上し、49%の収率で 13a が得られた (entry 2)。また、溶媒について
検討した結果、ジオキサンやクロロホルムを用いた場合では収率の向上は見られなか
った (entry 3)。続いて、加熱による基質の分解の可能性が考えられたため、還流条件
で反応を行った。その結果、収率は向上し、62%の収率で 13a が得られた (entry 5)。
さらに、亜硝酸 t-ブチルの当量について再検討した結果、3 当量を用いた場合でも同程
度の収率で 13a が得られることが明らかとなった (entry 6)。また、基質濃度や他の亜
硝酸エステルについても検討を行ったが収率の向上は見られなかった (entries 8 and 9)。 
 




なお、ニトロシクロプロパン 2,3-trans-および 2,3-cis-13a 立体構造は、NOESY スペ
クトルにより確認した (Figure 9)。まず、2,3-trans-13a に関しては 2 位の水素と 3 位の
メチレン水素間にクロスピークが確認され、また 1 位の水素と 3 位のメチレン水素間
にクロスピークが観測されなかったことから、1,2-trans-2,3-trans 配置であると確認し
た。 
一方、立体異性体である 2,3-cis-13a は、1 位の水素と 3 位のメチレン水素間にクロ




Figure 9. Stereochemistry of nitrocyclopropane 13a. 
 
 以上のように、シクロプロペン 12a の THF 溶液を 3 当量の亜硝酸 t-ブチル存在下、





















反応を行った結果、3 位が重水素化されたニトロシクロプロパン 13a’が 1:1 の混合物と




















向山らは、一酸化窒素によるアルケン 53 のニトロ化反応において、もう 1 分子の一
















Scheme 58. Generation of N2 gas. 
 
また、Jio らは N-メチル N-メタクリルアミド 77 を DMF 溶液中、亜硝酸 t-ブチル存
在下、100 °C で反応させると、脱酸素条件であるにも関わらず、ニトロ化された化合
物 78 が得られている。58) 彼らは、ニトロ基の酸素源を明らかにするために重酸素を用
いた同位体標識実験を行っている。すなわち、反応終了後に反応溶液を重酸素雰囲気
下、室温で処理すると 78 と重酸素化された化合物 79 が 5：1 の比率で得られている。
また、ニトロ化合物 78 を DMF 溶液中、重酸素雰囲気下で加熱しても重酸素標識体 79
および 80 は得られなかったことも示されている (Scheme 59)。 
 
 





化合物 78 とニトロソ化合物 81 が混合物として生成し、反応終了後、後処理の際に 81
のニトロソ基が空気中の酸素によって酸化されることで、ニトロ化合物 78 のみが得ら












化反応は 2 つの経路により進行していると考えられる。1 つは、まず亜硝酸エステルの
熱分解によって生成した一酸化窒素がより安定な 3 級の炭素ラジカルを生成するよう
に、シクロプロペンの 3 位に位置選択的に付加し、シクロプロピルラジカル K が生成
する。次に、K が THF から水素ラジカルを引き抜き中間体 14 が生成した後、14 が系
内の一酸化窒素または、後処理の際に空気中の酸素に触れることによって酸化される
ことで 13a が生成する経路が考えられる (path a)。もう 1 つの経路は、まず系内で発生
した一酸化窒素がもう 1分子の一酸化窒素によって酸化され、二酸化窒素が生成する。







Scheme 61. Possible reaction pathway of nitration reaction. 
 
以上のように、本ニトロ化反応はラジカル機構で進行しており、またニトロシクロ












ペン化によって得た (Table 14)。 
 
Table 14. Preparation of cyclopropenes 12p-r. 
 
 
 また、ニトリルを有するシクロプロペン 12s は、2-アミノアセトニトリル 46 を亜硝
酸ナトリウムでジアゾ化し、ジアゾアセトニトリル(47)を合成した後、酢酸ロジウムを








する 12b および 12f、シクロへキシル基をもつ 12p を基質として用いても、n-ブチル基
を用いた場合と同様に反応が進行することが分かった (Table 15, entries 1-3,5)。 
次に、1 位の置換基効果について検討を行った結果、Weinreb アミドを有する 12j や
t-ブチルエステルを有する 12q、ベンジルエステルを有する 12r、ニトリルを有する 12s
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においても同様に反応が進行することが明らかとなった (Table 15, entries 4, 6-7)。 
 








な合成素子としても用いられる興味深い化合物である。49) そこで次に、著者は第 1 節
で得られたニトロシクロプロパン類の合成素子としての有用性を示すために、得られ
たニトロシクロプロパン類の還元反応を行った  (Scheme 63)。ニトロシクロプロパン
13a をイソプロパノール溶液中、20 当量の亜鉛粉末および塩酸で処理すると、ニトロ
基のヒドロキシルアミノ基への還元とシクロプロパン環の開環反応が進行したと考え
られるオキシム 15 が、E/Z＝2：1 の混合物として 72%の収率で得られた。一方、13a
をエタノール中、水素雰囲気下、Raney Ni で処理すると、ニトロ基のアミノ基への変
換、シクロプロパン環の開環、イミンの還元、環化反応が連続して、進行したと考え
られる-ラクタム 16 が 77%の収率で得られた。 
 
 
Scheme 63. Reduction of nitrocyclopropane 13a. 
 
なお、オキシム 15 の幾何異性については次のように推定した  (Figure 10)。Ustinov

















































































第 4 章 実験の部 
 













C NMR) using Varian Gemini-300 
(300 MHz), Varian MERCURY plus 300 (300 MHz), Varian NMR system AS 500 (500 MHz) 
or Bruker AVANCE III HD (600 MHz) spectrometers. IR spectra were obtained on a Perkin 
Elmer SpectrumOne A spectrometer. High-resolution mass spectra were obtained by ESI, EI, 
CI or APCI methods on Thermo Fisher Scientific Exactive. Melting points (uncorrected) were 
determined on BÜCHI M-565 apparatus. Preparative TLC separations (PTLC) were carried 
out on precoated silica gel plates (E. Merck 60F254). Medium-pressure column 






2-Butyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12a). To a solution of 1-hexyne (2.1 
g, 25 mmol) and Rh2(OAc)4 (17.6 mg 0.04 mmol) in CH2Cl2 (10 mL) was added a solution of 
ethyl diazoacetate (2.0 g, 17.5 mmol) in CH2Cl2 (2.5 mL) by a syringe pump at rate of 1.0 
mL/h under argon atmosphere at RT. After being stirred for overnight, the reaction mixture 
was filtered through a thin pad of silica gel. The filtrate was concentrated under reduced 
pressure. The crude product was purified by flash column chromatography (hexane : AcOEt = 




H NMR (300 MHz, 
CDCl3) : 6.32 (1H, q, J = 1.5 Hz), 4.18-4.07 (2H, m), 2.50 (2H, td, J = 7.5, 1.0 Hz), 2.12 (1H, 
d, J = 1.5 Hz), 1.63-1.52 (2H, m), 1.45-1.29 (2H, m), 1.25 (3H, t, J = 7.0 Hz), 0.98 (3H, t, J = 
7.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.5, 115.4, 93.8, 60.0, 28.6, 24.5, 22.1, 19.6, 14.2, 
13.6; HRMS (ESI) m/z: calcd for C10H16O2Na [M + Na]
+
 191.1043, found: 191.1043. 
. 
Triethylborane-mediated Trichloromethyl Radical Addition to Cyclopropenes. To a 
solution of 12a (168 mg, 1.0 mmol) in CHCl3 (10 mL) was added Et3B (1.0 M in hexane, 1.0 
mL, 1.0 mmol) under nitrogen atmosphere at rt. After being stirred at the same temperature for 
2 h, the reaction mixture was diluted with H2O and extracted with CHCl3. The organic phase 
was dried over MgSO4 and concentrated at reduced pressure. The crude product was purified 
by medium-pressure column chromatography (hexane) to afford 2,3-trans-4a (181 mg, 63%) 
and 2,3-cis-4a (40 mg, 14%) 
 
(1R*,2S*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (500 MHz, CDCl3) : 4.21-4.16 
(2H, m), 2.71 (1H, dd, J = 6.5, 5.0 Hz), 2.29 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J = 10.0, 
7.0, 6.5 Hz), 1.67-1.54 (2H, m), 1.44-1.32 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.96 (3H, t, J = 
7.5 Hz); 
13
C NMR (125 MHz, CDCl3) : 169.7, 98.3, 61.1, 45.7, 31.2, 29.5, 27.1, 25.3, 22.2, 
14.2, 14.0; HRMS (CI) m/z: calcd for C11H18O2
35
Cl3 [M + H]
+
 287.0372, found: 287.0362. 
 
(1R*,2R*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (500 MHz, CDCl3) : 4.18 (2H, q, 
J = 7.0 Hz), 2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.96-1.89 (1H, m), 
1.81-1.69 (2H, m), 1.49-1.44 (2H, m),1.38-1.33 (2H, m) 1.30 (3H, t, J = 7.0 Hz), 0.91 (3H, t, J 
= 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 171.8, 97.3, 61.2, 45.8, 31.9, 31.1, 28.6, 24.5, 22.3, 
14.2, 13.9; HRMS (CI) m/z: calcd for C11H18O2
35
Cl3 [M + H]
+




[Table 1, entry 1]. A two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) in a 
glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added CH2Cl2 (3 
mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH2Cl2 (3 mL) was added at rt. After 
being stirred at the same temperature for 3 h, the reaction mixture was diluted with H 2O and 
filtered through a thin pad of Celite. The filtrate was extracted with CHCl 3, dried over MgSO4 
and concentrated at reduced pressure. The residue was purified by preparative  TLC (hexane : 
AcOEt = 10 : 1) to afford anti-5a (23.9 mg, 49%) and lactone 36 (4.8 mg, 12%). 
 
(2R*,3R*)-2-(2,2-Dichloroethenyl)-3-fluoroheptanoic Acid Ethyl Ester (anti-5a). A 




H NMR (500 MHz, CDCl3) : 6.10 (1H, d, J = 10.0 Hz), 
4.93 (1H, ddt, J = 48.0, 9.0, 3.5 Hz), 4.22 (2H, q, J = 7.0 Hz), 3.57 (1H, ddd, J = 28.0, 10.0, 
3.5 Hz), 1.76-1.28 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); 
13
C NMR (75 
MHz, CDCl3) : 169.3 (d, J = 4.0 Hz), 124.6, 122.7 (d, J = 5.0 Hz), 93.2 (d, J = 176.0 Hz), 
61.7, 51.2 (d, J = 22.0 Hz), 32.4 (d, J = 20.0 Hz), 27.2 (d, J = 4.0 Hz), 22.3, 14.1, 13.9; HRMS 
(ESI) m/z: calcd for C11H17O2FNa
35
Cl2 [M + Na]
+
 293.0482, found: 293.0477. 
 





H NMR (300 MHz, CDCl3) : 6.90 (1H, dt, J = 9.0, 2.5 Hz), 6.24 (1H, d, J 
= 9.0 Hz), 4.62 (1H, tt, J = 7.5, 5.5 Hz), 3.14 (1H, ddd, J = 18.0, 7.5, 2.5 Hz), 2.62 (1H, ddd, J 
= 18.0, 6.0, 3.0 Hz), 1.82-1.38 (4H, m), 0.98 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) 
: 169.4, 134.5, 128.7, 77.9, 66.0, 38.4, 31.1, 18.1, 13.7; HRMS (ESI) m/z: calcd for 
C9H13O2
35
Cl2 [M + H]
+
 222.0890, found: 223.0292. 
 
[Table 1, entry 2]. A two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) and 
Bu4NBF4 (71 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled 
with argon, and added CH2Cl2 (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in 
CH2Cl2 (3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the 
reaction mixture was diluted with H2O and filtered through a thin pad of Celite. The filtrate 
was extracted with CHCl3, dried over MgSO4 and concentrated at reduced pressure. The 
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (29.3 mg, 
60%) and lactone 36 (2.0 mg, 5%). 
 
[Table 1, entry 3]. A two-neck flask was charged with AgPF6 (53 mg, 0.21 mmol) in a 
glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added CH2Cl2 (3 
mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH2Cl2 (3 mL) was added at —10 °C. 
After being stirred at the same temperature for 10 h, the reaction mixture was diluted with H 2O 
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and filtered through a thin pad of Celite. The filtrate was extracted with CHCl3, dried over 
MgSO4 and concentrated at reduced pressure. The residue was purified by preparative TLC 
(hexane : AcOEt = 10 : 1) to afford the mixture of 36 and the regioisomer 37. To a solution of 
the mixture in CH2Cl2 (1 mL) was added Et3N (42 L, 0.3 mmol) under nitrogen atmosphere 
at rt. After being stirred at the same temperature for 24 h, the reaction mixture was extracted 
with CHCl3. The organic layer was dried over MgSO4, and the solvents were removed under 
vacuum to afford exclusively lactone 36 (12.7 mg, 32%). 
 
[Table 1, entry 4]. A two-neck flask was charged with AgSbF6 (74 mg, 0.21 mmol) in a 
glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added CH2Cl2 (3 
mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH2Cl2 (3 mL) was added at —10 °C. 
After being stirred at the same temperature for 10 h, the reaction mixture was diluted with H 2O 
and filtered through a thin pad of Celite. The filtrate was extracted with CHCl3, dried over 
MgSO4 and concentrated at reduced pressure. The residue was purified by preparative TLC 
(hexane : AcOEt = 10 : 1) to afford the mixture of 36 and the regioisomer 37. To a solution of 
the mixture in CH2Cl2 (1 mL) was added Et3N (42 L, 0.3 mmol) under nitrogen atmosphere 
at rt. After being stirred at the same temperature for 24 h, the reaction mixture was extracted 
with CHCl3. The organic layer was dried over MgSO4, and the solvents were removed under 
vacuum to afford exclusively lactone 36 (17.4 mg, 43%). 
 
[Table 1, entry 5]. A two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) and KF 
(12.5 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled with 
argon, and added CH2Cl2 (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH2Cl2 
(3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the reaction 
mixture was diluted with H2O and filtered through a thin pad of Celite. The filtrate was 
extracted with CHCl3, dried over MgSO4 and concentrated at reduced pressure. The residue 
was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (28.6 mg, 59%) 
and lactone 36 (2.9 mg, 7%). 
 
[Table 1, entry 6]. A two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) and LiBF4 
(20.3 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled with 
argon, and added CH2Cl2 (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH2Cl2 
(3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the reaction 
mixture was diluted with H2O and filtered through a thin pad of Celite. The filtrate was 
extracted with CHCl3, dried over MgSO4 and concentrated at reduced pressure. The residue 
was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (31.2 mg, 64%) 
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and lactone 36 (3.2 mg, 8%). 
 
[Table 1, entry 7]. A two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) and 
Bu4NBF4 (71 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled 
with argon, and added CH2Cl2 (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in 
CH2Cl2 (3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the 
reaction mixture was diluted with H2O and filtered through a thin pad of Celite. The filtrate 
was extracted with CHCl3, dried over MgSO4 and concentrated at reduced pressure. The 
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (39.3 mg, 
81%). 
 
(2R*,3S*)-2-(2,2-Dichloroethenyl)-3-fluoroheptanoic Acid Ethyl Ester (syn-5a). A 
two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) and Bu4NBF4 (71 mg, 0.21 
mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added 
CH2Cl2 (3 mL). A solution of 2,3-cis-4a (52.6 mg, 0.18 mmol) in CH2Cl2 (3 mL) was added at 
—10 °C. After being stirred at the same temperature for 10 h, the reaction mixture was diluted 
with H2O and filtered through a thin pad of Celite. The filtrate was extracted with CHCl 3, 
dried over MgSO4 and concentrated at reduced pressure. The residue was purified by 
preparative TLC (hexane : AcOEt = 10 : 1) to afford syn-5a (29.0 mg, 59%). A colorless oil; 




H NMR (300 MHz, CDCl3) : 5.97 (1H, d, J = 10.0 Hz), 4.72 (1H, dtd, 
J = 47.0, 7.5, 5.0 Hz), 4.20 (2H, q, J = 7.0 Hz), 3.71 (1H, ddd, J = 12.0, 10.0, 7.5 Hz), 
1.72-1.22 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 169.1 (d, J = 4.0 Hz), 124.9, 123.1 (d, J = 8.5 Hz), 93.2 (d, J = 175.0 Hz), 61.6, 51.9 
(d, J = 24.0 Hz), 32.2 (d, J = 20.0 Hz), 27.1 (d, J = 3.0 Hz), 22.3, 14.1, 13.9; HRMS (ESI) m/z: 
calcd for C11H17O2FNa
35
Cl2 [M + Na]
+







General Procedure for Preparation of Cyclopropenes [Table 2, entries 1-4]. To a solution 
of alkyne (25 mmol) and Rh2(OAc)4 (0.04 mmol) in CH2Cl2 (10 mL) was added a solution of 
ethyl diazoacetate (17.5 mmol) in CH2Cl2 (2.5 mL) by a syringe pump at rate of 1.0 mL/h 
under argon atmosphere at RT. After being stirred for overnight, the reaction mixture was 
filtered through a thin pad of silica gel. The filtrate was concentrated under reduced pressure. 
The crude product was purified by flash column chromatography (hexane : AcOEt = 10 : 1) to 
afford corresponding cyclopropenes 12b,d-f in yield shown in Table 2. 
 
2-(2-Phenylmethyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12b). A light yellow 




H NMR (300 MHz, CDCl3) : 7.36-7.24 (5H, m), 6.67 (1H, q, J = 
1.5Hz), 4.13-4.05 (2H, m), 3.89 (1H, dd, J = 17.5, 1.5 Hz), 3.79 (1H, dd, J = 17.5, 1.5 Hz), 
2.22 (1H, d, J = 1.5 Hz), 1.25 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.4, 140.7, 
128.4, 128.3, 126.2, 114.9, 94.9, 60.2, 32.9, 26.7, 19.8, 14.4; HRMS (ESI) m/z: calcd for 
C13H14O2Na [M + Na]
+
 225.0886, found: 225.0889. 
 
2-(2-Methylpropyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12d). A colorless oil; 




H NMR (300 MHz, CDCl3) : 6.38-6.34 (1H, m), 4.15-4.09 (2H, m), 
2.41-2.36 (2H, m), 2.13-2.11 (1H, m), 1.99-1.90 (1H, m), 1.25 (3H, t, J = 7.5 Hz), 0.98 (6H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.7, 114.7, 94.5, 60.1, 33.9, 26.8, 22.3, 19.7, 
14.4; HRMS (ESI) m/z: calcd for C10H17O2 [M + H]
+
 169.1223, found: 169.1218. 
 





H NMR (300 MHz, CDCl3) : 6.33 (1H, q, J=1.5 Hz), 4.19-4.08 (2H, m), 2.49 (2H, 
td, J = 7.5, 1.5 Hz), 2.12 (1H, d, J = 1.5 Hz), 1.63-1.49 (2H, m), 1.40-1.23 (13H, m), 0.88 (3H, 
t, J = 7.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.7, 115.6, 93.8, 60.1, 31.8, 29.2, 29.15, 29.10, 










H NMR (300 MHz, CDCl3) : 7.32-7.20 (5H, m), 6.35 (1H, q, J = 1.5Hz), 
4.18-4.07 (2H, m), 2.95-2.79 (4H, m), 2.14 (1H, d, J = 1.5 Hz), 1.25 (3H, t, J = 7.0 Hz); 
13
C 
NMR (75 MHz, CDCl3) : 176.4, 140.7, 128.4, 128.3, 126.2, 114.9, 94.9, 60.2, 32.9, 26.7, 
19.8, 14.4, HRMS (ESI) m/z: calcd for C14H16O2Na [M + Na]
+




General Procedure for Triethylborane-mediated Trichloromethyl Radical Addition to 
Cyclopropenes [Table 3, entries 1-4]. To a solution of cyclopropene (1.0 mmol) in CHCl3 (10 
mL) was added Et3B (1.0 M in hexane, 0.5-2.0 mL, 0.5-2.0 mmol) under nitrogen atmosphere 
at RT. After being stirred at the same temperature for 2 h, the reaction mix ture was diluted 
with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated at reduced pressure. The crude product was purified by medium-pressure column 








H NMR (500 MHz, CDCl3) 
: 7.31-7.27 (2H, m), 7.22-7.20 (3H, m), 4.20-4.16 (2H, m), 3.05 (1H, dd, J = 15.5, 6.5 Hz), 
2.89-2.94 (2H, m), 2.37 (1H, dd, J = 10.0, 5.0 Hz), 2.16 (1H, ddt, J = 10.0, 8.0, 6.5 Hz), 1.25 
(3H, t, J = 7.5 Hz); 
13
C NMR (125 MHz, CDCl3) : 169.7, 139.5, 128.5, 128.4, 126.4, 97.9, 












H NMR (500 MHz, CDCl3) : 
7.32-7.29 (2H, m), 7.26-7.21 (3H, m), 4.19-4.14 (2H, m), 3.25 (1H, dd, J = 15.0, 5.0 Hz), 3.15 
(1H, dd, J = 15.0, 9.5 Hz), 2.95 (1H, dd, J = 9.5, 5.0 Hz), 2.47 (1H, t, J = 5.0 Hz), 2.10-2.00 
(1H, m), 1.27 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 171.3, 139.9, 128.6, 128.4, 





320.0137, found : 320.0133. 
 
(1R*,2S*,3R*)-2-(2-methylpropyl)-3-trichloromethylcyclopropane-1-carboxylic Acid 




H NMR (300 MHz, CDCl3) 
 : 4.18 (2H, q, J = 7.0 Hz), 2.71 (1H, t, J = 6.0 Hz), 2.29 (1H, dd, J = 10.0, 5.0 Hz), 1.91 (1H, 
dq, J = 10.0, 7.0 Hz), 1.70-1.53 (2H, m), 1.48-1.39 (1H, m), 1.29 (3H, t, J = 7.0 Hz), 0.96 (3H, 
d, J = 6.5 Hz), 0.92 (3H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3)  : 169.7, 98.4, 61.0, 45.5, 
34.4, 28.2, 27.1, 22.6, 22.0, 14.2; HRMS (ESI) m/z : Calcd for C11H17O2Na
35
Cl3 [M + Na]
+
 
309.0186, found: 309.0183. 
 
(1R*,2R*,3R*)-2-(2-methylpropyl)-3-trichloromethylcyclopropane-1-carboxylic Acid 




H NMR (300 MHz, CDCl3)  : 
4.19 (2H, q, J = 7.0 Hz), 2.83 (1H, dd, J = 9.5, 5.0 Hz), 2.26 (1H, t, J = 5.0 Hz), 1.91-1.84 (1H, 
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m), 1.81-1.68 (2H, m), 1.54-1.64 (1H, m), 1.30 (3H, t, J = 7.0 Hz), 0.96 (3H, d, J = 6.5 Hz), 
0.95 (3H, d, J = 6.5 Hz); 
13
C NMR (125 MHz, CDCl3)  : 171.8, 97.3, 61.2, 45.2, 33.6, 29.7, 
29.0, 28.8, 22.6, 21.9, 14.2; HRMS (ESI) m/z : Calcd for C11H17O2Na
35





(1R*,2S*,3R*)-2-Octyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, 
q, J = 7.0 Hz), 2.71 (1H, dd, J = 5.0, 1.0 Hz), 2.29 (1H, ddd, J = 10.0, 5.0, 1.0 Hz), 1.91-1.81 
(1H, m), 1.68-1.49 (2H, m), 1.47-1.20 (14H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 6.5 
Hz); 
13
C NMR (75 MHz, CDCl3) : 169.7, 98.3, 61.0, 45.7, 31.8, 29.50, 29.45, 29.2, 29.1, 29.0, 
27.1, 25.6, 22.6, 14.2, 14.1; HRMS (APCI) m/z: calcd for C15H26O2
35





(1R*,2R*,3R*)-2-Octyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (500 MHz, CDCl3) : 4.18 (2H, q, 
J = 7.0 Hz), 2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.95-1.88 (1H, m), 
1.80-1.69 (2H, m), 1.52-1.44 (2H, m), 1.34-1.26 (10H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, 
J = 6.5 Hz); 
13
C NMR (125 MHz, CDCl3) : 171.8, 97.3, 61.2, 45.7, 31.8, 31.2, 29.8, 29.4, 
29.24, 29.18, 28.6, 24.8, 22.7, 14.2, 14.1; HRMS (APCI) m/z: calcd for C15H26O2
35
Cl3 [M + 
H]
+
 343.0993, found: 343.0992. 
 
(1R*,2S*,3R*)-2-(2-Phenylethyl)-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl 




H NMR (500 MHz, CDCl3) : 
7.30-7.26 (2H, m), 7.21-7.18 (3H, m), 4.18-4.14 (2H, m), 2.77 (1H, dd, J = 5.0, 4.5 Hz), 
2.76-2.72 (1H, m), 2.68-2.62 (1H, m), 2.30 (1H, dd, J = 9.5, 5.0 Hz), 2.03-1.98 (1H, m), 
1.93-1.87 (2H, m), 1.28 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 169.6, 141.0, 





 334.0293, found: 334.0298. 
 
(1R*,2R*,3R*)-2-(2-Phenylethyl)-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl 




H NMR (500 MHz, CDCl3) : 
7.30-7.25(2H, m), 7.21-7.17 (3H, m), 4.18-4.12 (2H, m), 2.88-2.82 (1H, m), 2.84 (1H, dd, J = 
9.5, 5.0 Hz), 2.79-2.73 (1H, m), 2.30-2.22 (1H, m), 2.20 (1H, dd, J = 6.0, 5.0 Hz), 2.16-2.00 
(1H, m), 1.75 (1H, tt, J = 9.5, 6.0 Hz), 1.28 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) 
: 171.6, 141.0, 128.5, 128.4, 126.1, 97.1, 61.2, 45.6, 35.8, 30.4, 28.5, 26.7, 14.2; HRMS (EI) 




 343.0293, found: 334.0309. 
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General Procedure for AgBF4-mediated Fluorination/Ring opening Reaction of 
Cyclopropane baering Trichloromethyl group [Scheme 28]. A two-neck flask was charged 
with AgBF4 (42 mg, 0.21 mmol) and Bu4NBF4 (71 mg, 0.21 mmol) in a glovebox at nitrogen 
atmosphere, evacuated and backfilled with argon, and added CH2Cl2 (3 mL). A solution of 
cyclopropane (52.6 mg, 0.18 mmol) in CH2Cl2 (3 mL) was added at —10 °C. After being 
stirred at the same temperature for 10 h, the reaction mixture was diluted with H2O and 
filtered through a thin pad of Celite. The filtrate was extracted with CHCl 3, dried over MgSO4 
and concentrated at reduced pressure. The residue was purified by preparative  TLC (hexane : 
AcOEt = 10 : 1) to afford anti-5d-f in yield shown in Scheme 27. 
 
(2R*,3S*)-2-(2,2-Dichloroethenyl)-3-fluoro-5-methylhexanoic Acid Ethyl Ester (anti-5d). 




H NMR (300 MHz, CDCl3) : 6.10 (1H, d, J = 10.0 Hz), 
5.03 (1H, ddt, J = 48.0, 10.0, 3.5 Hz), 4.22 (2H, q, J = 7.0 Hz), 3.54 (1H, ddd, J = 28.0, 10.0, 
3.5 Hz), 1.87-1.59 (2H, m), 1.37-1.17 (1H, m), 1.30 (3H, t, J = 7.0 Hz), 0.96 (6H, d, J = 6.5 
Hz); 
13
C NMR (75 MHz, CDCl3) : 169.3 (d, J = 4.0 Hz), 124.6, 122.7 (d, J = 4.5 Hz), 91.7 (d, 
J = 176.0 Hz), 61.7, 51.5 (d, J = 22.0 Hz), 41.5 (d, J = 20.0 Hz), 24.5 (d, J = 3.5 Hz), 23.1, 
21.9, 14.1; HRMS (ESI) m/z: calcd for C11H17O2FNa
35
Cl2 [M + Na]
+
 293.0482, found: 
293.0485. 
 
(2R*,3S*)-2-(2,2-Dichloroethenyl)-3-fluoroundecanoic Acid Ethyl Ester (anti-5e). A 




H NMR (300 MHz, CDCl3) : 6.10 (1H, d, J = 10.0Hz), 
4.93 (1H, ddt, J = 48.0, 8.5, 4.0 Hz), 4.22 (2H, q, J = 7.0 Hz), 3.57 (1H, ddd, J = 28.0, 10.0, 
4.0 Hz), 1.74-1.21 (14H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 7.0 Hz); 
13
C NMR (75 
MHz, CDCl3) : 169.3 (d, J = 4.0 Hz), 124.6, 122.7 (d, J = 4.5 Hz), 93.2 (d, J = 176.0 Hz), 
61.7, 57.1 (d, J = 21.0 Hz), 32.7 (d, J = 20.0 Hz), 31.8, 29.4, 29.2, 29.1, 25.0 (d, J = 4.5 Hz), 
22.6 14.1; HRMS (ESI) m/z: calcd for C15H25O2FNa
35
Cl2 [M + Na]
+
 349.1108, found: 
349.1107. 
 
(2R*,3S*)-2-(2,2-Dichloroethenyl)-3-fluorobenzenepentanoic Acid Ethyl Ester (anti-5f). A 




H NMR (300 MHz, CDCl3) : 7.35-7.16 (5H, m), 6.11 (1H, 
d, J = 10.0 Hz), 4.95 (1H, ddt, J = 48.0, 9.5, 3.5 Hz, 1H), 4.21 (2H, q, J = 7.0 Hz), 3.59 (1H, 
ddd, J = 27.5, 10.0, 3.5 Hz), 2.96-2.64 (2H, m), 2.13-1.94 (2H, m), 1.28 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 169.1 (d, J = 4.0 Hz), 140.5, 128.6, 128.4, 126.3, 124.9, 122.6 
(d, J = 4.5 Hz), 92.2 (d, J = 177.0 Hz), 61.8, 51.1 (d, J = 21.0 Hz), 34.6 (d, J = 20.0 Hz), 31.3 
(d, J = 4.5 Hz), 14.1; HRMS (ESI) m/z: calcd for C15H18O2F
35
Cl3 [M + H]
+




AgBF4-mediated Fluorination/Ring opening Reaction of Trichloromethylcyclopropane 
carboxylate (2,3-trans-4b). A two-neck flask was charged with AgBF4 (42 mg, 0.21 mmol) 
and Bu4NBF4 (71 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and 
backfilled with argon, and added CH2Cl2 (3 mL). A solution of 2,3-trans-4b (57.9 mg, 0.18 
mmol) in CH2Cl2 (3 mL) was added at —10 °C. After being stirred at the same temperature for 
10 h, the reaction mixture was diluted with H2O and filtered through a thin pad of Celite. The 
filtrate was extracted with CHCl3, dried over MgSO4 and concentrated at reduced pressure. 
The residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford the mixture 
anti-5b and syn-5b (25.8 mg, 47%, anti : syn = 1:3) and lactone 6 (22.2 mg, 48%). 
 
(2R*,3S*)-2-(2,2-Dichloroethenyl)-3-fluorobenzenebutanoic Acid Ethyl Ester (anti-5b). A 




H NMR (300 MHz, CDCl3) : 7.36-7.21 (5H, m), 6.16 (1H, 
d, J = 10.0 Hz), 5.18 (1H, dddd, J = 47.0, 8.0, 5.0, 3.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 3.60 (1H, 
ddd, J = 28.0, 10.0, 3.5 Hz), 3.11-2.76 (2H, m), 1.28 (3H, t, J = 7.0 Hz); 
13
C NMR (150 MHz, 
CDCl3) : 169.1 (d, J = 3.5 Hz), 135.7 (d, J = 5.0 Hz), 129.3, 128.7, 127.1, 125.3, 122.3 (d, J 
= 4.5 Hz), 93.3 (d, J = 179 Hz), 61.8, 50.6 (d, J = 21.0 Hz), 39.2 (d, J = 22.0 Hz), 14.1; HRMS 
(ESI) m/z: calcd for C14H16O2F
35
Cl2 [M + H]
+
 305.0506, found: 305.0501. 
 
(2R*,3R*)-2-(2,2-Dichloroethenyl)-3-fluorobenzenebutanoic Acid Ethyl Ester (syn-5b). A 




H NMR (300 MHz, CDCl3) : 7.33-7.20 (5H, m), 6.00 (1H, 
d, J = 10.0 Hz), 4.93 (1H, dtd, J = 47.0, 13.0, 6.0 Hz), 4.20 (2H, d, J = 7.0 Hz), 3.74 (1H, ddd, 
J = 13.0, 10.0, 7.0 Hz), 3.06-2.92 (2H, m), 1.28 (3H, t, J = 7.0 Hz); 
13
C NMR (150 MHz, 
CDCl3) : 168.8 (d, J = 4.5 Hz), 136.0 (d, J = 2.5 Hz), 129.4, 128.6, 127.0, 125.3, 122.9 (d, J 
= 8.0 Hz), 93.5 (d, J = 180.0 Hz), 61.7, 51.4 (d, J = 24.0 Hz), 38.9 (d, J = 21.0 Hz), 14.1; 
HRMS (ESI) m/z: calcd for C14H16O2F
35
Cl3 [M + H]
+
 305.0506, found: 305.0506. 
 
(3R*,4R*)-3-(2,2-Dichloroethenyl)dihydro-4-pheny-2(3H)-furanone (6). White crystals; 




H NMR (300 MHz, CDCl3) : 
7.43-7.26 (5H, m), 5.86 (1H, d, J = 9.5 Hz), 4.64 (1H, dd, J = 9.0, 8.0 Hz), 4.26 (1H, dd, J = 
10.5, 9.0 Hz), 3.88 (1H, dd, J = 11.5, 9.5 Hz), 3.63 (1H, ddd, J = 11.5.10.5, 8.0 Hz); 
13
C NMR 
(125 MHz, CDCl3) : 173.8, 135.8, 129.3, 128.3, 127.2, 123.3, 72.0, 48.5, 48.2; HRMS (ESI) 
m/z: calcd for C12H10O2Na
35
Cl2 [M + Na]
+






AgOAc-mediated Ring-opening Reaction of trichlorocyclopropane [Table 4, entry 3]. A 
solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgOAc (70 mg, 0.4 mmol) in THF (5 mL) 
was added to a round bottom flask. After being stirred at reflux for 24 h, the reaction mixture 
was filtered through a thin pad of celite. The filtrate was concentrated at reduced pressure. The 
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a (10.7 mg, 
25%). 
 





H NMR (500 MHz, CDCl3) : 5.70 (1H, d, J = 10.0 Hz), 4.14 (2H, qd, J = 7.0, 1.0 Hz), 
2.97-2.89 (1H, m), 2.40 (1H, dd, J = 15.0, 6.0 Hz), 2.29 (1H, dd, J = 15.0, 7.5 Hz), 1.50-1.44 
(1H, m), 1.40-1.23 (5H, m), 1.26 (3H, t, J = 7.0 Hz), 0.89 (3H, t, J = 7.0 Hz); 
13
C NMR (125 
MHz, CDCl3) : 171.6, 132.6, 120.9, 60.5, 39.3, 37.2, 34.0, 29.1, 22.6, 14.2, 13.9; HRMS 
(ESI) m/z: calcd for C11H19O2
35
Cl2 [M + H]
+
 253.0757, found: 253.0754. 
 
[Table 4, entry 4]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgOAc (70 mg, 0.4 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford 7a (38.7 mg, 90%). 
 
[Table 4, entry 5]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgOAc (35 mg, 0.2 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford 7a (36.2 mg, 82%). 
 
[Table 4, entry 6]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgCN (56 mg, 0.42 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford 7a (21.9 mg, 51%). 
 
[Table 4, entry 7]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and Ag2O (48 mg, 0.20 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
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reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford 7a (11.2 mg, 26%). 
 
[Table 4, entry 8]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgF (53 mg, 0.42 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford 7a (29.3 mg, 68%). 
 
[Table 4, entry 9]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgCl (60 mg, 0.42 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford 7a (21.5 mg, 50%). 
 
[Table 4, entry 10]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgBr (79 mg, 0.42 
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to 







Procedure for Ag(0) powder-mediated ring-opening reaction of 2,3-trans-4a [Scheme 33]. 
A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and Ag powder (45 mg, 0.42 mmol) in THF (5 
mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture 
was filtered through a thin pad of Celite. The filtrate was concentrated at reduced pressure. 
The residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a (28.8 mg, 
67%). 
 
[Table 5, entry 2]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgF (53 mg, 0.42 
mmol) in CHCl3 (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative  TLC (hexane : AcOEt = 10 : 1) to 
afford anti-5a (12.4 mg, 27%). 
 
[Table 5, entry 3]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgF (53 mg, 0.42 
mmol) in benzene (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, 
the reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to 
afford anti-5a (7.8 mg, 17%). 
 
[Scheme 35, eq. 1]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol), AgOAc (35 mg, 0.21 
mmol) and TEMPO (33 mg 1.2 eq.) in THF (5 mL) was added to a sealed tube. After being 
stirred at 100 °C for 24 h, the reaction mixture was filtered through a thin pad of celite. The 
filtrate was concentrated at reduced pressure. The residue was purified by preparative  TLC 
(hexane : AcOEt = 10 : 1) to afford no desired products.  
 
Procedure for preparation of trichloroacetamide 43. To a solution of diallylamine (1.23 mL, 
10.0 mmol) and pyridine (1.21 mL, 15.0 mmol) in dry CH2Cl2 (20 mL) at 0 ºC, trichloroacetyl 
chloride (1.34 mL, 12.0 mmol) was added dropwise and the reaction mixture was warmed to 
room temperature over 2 hours. The reaction was poured into water, washed with 1 M HCl, 
and the aqueous layer extracted with CHCl3. The combined organics were washed with sat. 
NaHCO3, dried over MgSO4, filtered. The filtrate was concentrated at reduced pressure. The 
residue was purified by silica gel column chromatography (Et2O/pentane = 2 : 3) to afford 43 









NMR (300 MHz, CDCl3) : 5.80 (2H, br s), 5.33-5.17 (4H, m), 4.33 (2H, br s), 4.01 (2H, br s); 
13
C NMR (75 MHz, CDCl3) : 160.2, 132.0, 131.0, 119.3, 118.1, 92.9, 51.6, 49.7; HRMS 
(ESI) m/z: calcd for C8H10NONa
35
Cl3 [M + Na]
+
 263.9720, found: 263.9722. 
 
3,3-Dichloro-4-methyl-1-(2-propenyl)-2-pyrrolidinone (44) [Scheme 35, eq 2]. A solution 
of trichloroacetamide 43 (42 mg, 0.17 mmol) and AgOAc (35 mg, 0.21 mmol) in THF (5 mL) 
was added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was 
filtered through a thin pad of celite. The filtrate was concentrated at reduced pressure. The 
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 44 (20 mg, 55%). 




H NMR (300 MHz, 
CDCl3) : 5.72 (1H, ddt, J = 17.0, 10.5, 6.0 Hz), 5.26 (1H, ddt, J = 10.5, 2.5, 1.0 Hz), 5.24 (1H, 
ddt, J = 17.0, 2.5, 1.5 Hz), 3.95 (2H, dt, J = 6.0, 1.0 Hz), 3.33 (1H, dd, J = 10.0, 7.0 Hz), 3.03 
(1H, dd, J = 10.0, 8.5 Hz), 2.79 (1H, ddq, J = 8.5, 7.0, 6.5 Hz), 1.34 (3H, d, J = 6.5 Hz); 
13
C 
NMR (75 MHz, CDCl3) : 166.8, 130.8, 119.1, 87.1, 49.6, 46.2, 45.4, 11.8; HRMS (ESI) m/z: 
calcd for C8H12NO
35
Cl2 [M + H]
+
 208.0290, found: 208.0287. 
 
3-(2,2-Dichloroethenyl)heptanoic-2-d Acid Ethyl Ester (7a’) [Scheme 36]. A solution of 
2,3-trans-4a (31 mg, 0.11 mmol) and AgOAc (22 mg, 0.13 mmol) in THF-d8 (3 mL) was 
added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was filtered 
through a thin pad of celite. The filtrate was concentrated at reduced pressure. The residue was 
purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a’ (4.1 mg, 18%). A 




H NMR (300 MHz, CDCl3) : 5.70 
(1H, d, J = 10.0 Hz), 4.13 (2H, q, J = 7.0, Hz), 2.98-2.88 (1H, m), 2.38 (1/2H, d, J = 6.0 Hz), 
2.28 (1/2H, d, J = 8.0 Hz), 1.51-1.41 (1H, m), 1.36-1.21 (5H, m), 1.26 (3H, t, J = 7.0 Hz), 0.89 
(3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 171.7, 132.5, 120.9, 60.5, 39.0 (t, J = 20.0 




Cl2 [M + H]
+
 







General Procedure for Preparation of Cyclopropenes [Scheme 38.].  To a solution of alkyne 
(25 mmol) and Rh2(OAc)4 (0.04 mmol) in CH2Cl2 (10 mL) was added a solution of ethyl 
diazoacetate (17.5 mmol) in CH2Cl2 (2.5 mL) by a syringe pump at rate of 1.0 mL/h under 
argon atmosphere at room temperature. After being stirred for overnight, the reaction mixture 
was filtered through a thin pad of silica gel. The filtrate was concentrated under reduced 
pressure. The crude product was purified by flash column chromatography (hexane:AcOEt = 
10:1) to afford corresponding cyclopropenes 12g,h in yield shown in Scheme 38. 
 
2-(1,1-Dimethylethyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12g). A colorless oil; 




H NMR (300 MHz, CDCl3) : 6.21 (1H, d, J = 1.5Hz), 4.30-4.06 (2H, 
m), 2.17 (1H, d, J = 1.5 Hz), 1.24 (3H, t, J = 7.0 Hz), 1.18 (9H, s); 
13
C NMR (75 MHz, CDCl3) 
: 176.6, 123.3, 91.9, 60.0, 31.2, 27.7, 19.8, 14.3; HRMS (ESI) m/z: calcd for C10H16O2Na [M 
+ Na]
+
 191.1043, found: 191.1044. 
 





H NMR (300 MHz, CDCl3) : 6.26 (1H, t, J = 1.0Hz), 4.19-4.07 (2H, m), 
3.06-2.98 (1H, m), 2.15 (1H, d, J = 1.0 Hz), 1.93-1.83 (2H, m), 1.70-1.57 (6H, m), 1.25 (3H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 175.9, 118.4, 91.9, 59.4, 34.9, 30.4, 30.0, 24.6, 
19.2, 13.7; HRMS (ESI) m/z: calcd for C11H16O2Na [M + Na]
+
 203.1043, found: 203.1045. 
 
2-Butyl-2-cyclopropene-1-carbonitrile (12i). 46 (4.63 g, 50 mmol) was dissolved in water 
(10 mL) in a 50 mL round-bottomed flask immersed in an ice-water bath, and then CH2Cl2 (20 
mL) was added. The mixture was stirred vigorously, and NaNO2 (3.45 g, 50 mmol) was added 
over 5 min. After stirring for another 15 min, the mixture was extracted with CH2Cl2 (80 mL). 
Washing with saturated aqueous NaHCO3 solution and drying with Na2SO4 gave a solution of 
47 (100 mL). To a solution of 1-hexyne (1.23 g, 15 mmol) and Rh2(OAc)4 (8.8 mg, 0.02 mmol) 
in CH2Cl2 (10 mL) was added a solution of diazoacetonitrile (20 mL, 10 mmol, 0.5 M in 
CH2Cl2) by a syringe pump at rate of 1.0 mL/h under argon atmosphere at room temperature. 
After being stirred for overnight, the reaction mixture was filtered through a thin pad of silica 
gel. The filtrate was concentrated under reduced pressure. The crude product was purified by 
flash column chromatography (hexane:AcOEt = 10:1) to afford 12i (651 mg, 54%). A colorless 




H NMR (300 MHz, CDCl3) : 6.46 (1H, q, J = 1.5 Hz), 2.57 (2H, td, 
J = 7.0, 1.5 Hz), 1.83 (2H, d, J = 1.5 Hz), 1.69-1.58 (2H, m), 1.47-1.35 (2H, m), 0.95 (3H, t, J 
= 7.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 123.5, 115.7, 93.8, 28.1, 24.4, 22.1, 13.6, 2.7; 
80 
 
HRMS (ESI) m/z : calcd for C8H11NNa [M + Na]
+
 144.0784, found: 144.0781. 
 
2-Butyl-N-methoxy-N-methyl-2-cyclopropene-1-carboxamide (12j). To a solution of 12a 
(420 mg, 3 mmol) in CH2Cl2 (18 mL) was added DMF (1 drop) and oxalyl chloride (762 mg, 6 
mmol) under nitrogen atmosphere at 0 °C. After being stirred at the same temperature for 1 h, 
the reaction mixture was concentrated at reduced pressure. The residue was dissolved in 
CH2Cl2 (18 mL) and added N,O-dimethylhydroxylamine (322 mg, 3.3 mmol) and pyridine (1.5 
mL). The reaction mixture was stirred for 22 h at room temperature and then diluted with H2O 
and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated at 
reduced pressure. The residue was purified by flash column chromatography (AcOEt) to afford 




H NMR (300 MHz, CDCl3) : 6.28 
(1H, q, J = 1.5 Hz), 3.76 (s, 3H), 3.22 (3H, s), 2.64 (1H, s), 2.59-2.42 (2H, m), 1.64-1.54 (2H, 
m), 1.45-1.34 (2H, m), 0.92 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.4, 114.4, 
92.7, 61.3, 32.8, 28.8, 24.6, 22.1, 17.2, 13.7; HRMS (ESI) m/z: calcd for C10H17NO2Na [M + 
Na]
+
 206.1152, found: 206.1149. 
 
General Procedure for Triethylborane-mediated Trichloromethyl Radical Addition to 
Cyclopropenes [Table 6, entries 1-4]. To a solution of cyclopropene (1.0 mmol) in CHCl3 (10 
mL) was added Et3B (1.0 M in hexane, 0.5-2.0 mL, 0.5-2.0 mmol) under nitrogen atmosphere 
at RT. After being stirred at the same temperature for 2 h, the reaction mixture was diluted 
with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated at reduced pressure. The crude product was purified by medium-pressure column 








H NMR (500 MHz, CDCl3) 
: 4.24-4.12 (2H, m), 3.00 (1H, dd, J = 7.0, 5.5 Hz), 2.22 (1H, dd, J = 11.0, 5.5 Hz), 1.73 (1H, 
dd, J = 11.0, 7.0 Hz), 1.29 (3H, t, J = 7.0 Hz), 1.02 (9H, s); 
13
C NMR (125 MHz, CDCl3) : 





 287.0371, found : 287.0370. 
 
(1R*,2S*,3R*)-2-Cyclopentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl 




H NMR (300 MHz, CDCl3) : 
4.24-4.13 (2H, m), 2.78 (1H, dd, J = 6.0, 5.0 Hz), 2.31 (1H, dd, J = 10.0, 5.0 Hz), 2.00-1.84 
(2H, m), 1.75-1.42 (8H, m), 1.29 (3H, t, J = 7.0 Hz), 0.96 (3H, t, J = 7.5 Hz); 
13
C NMR (125 
81 
 
MHz, CDCl3) : 169.8, 98.2, 61.0, 45.8, 36.9, 34.7, 32.4, 31.9, 27.3, 25.1, 25.0, 14.2; HRMS 
(CI) m/z: calcd for C12H18O2
35
Cl3 [M + H]
+
 299.0371, found: 299.0364. 
 
(1R*,2R*,3R*)-2-Cyclopentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl 




H NMR (300 MHz, CDCl3) : 4.18 
(2H, q, J = 7.0 Hz), 2.86 (1H, dd, J = 9.5, 5.0 Hz), 2.36 (1H, dt, J = 11.0, 8.0 Hz), 2.26 (1H, dd, 
J = 6.0, 5.0 Hz), 2.03-1.84 (2H, m), 1.74-1.27 (7H, m), 1.29 (3H, t, J = 7.0 Hz); 
13
C NMR (75 
MHz, CDCl3) : 171.9, 97.3, 61.2, 46.5, 37.3, 35.8, 33.9, 32.9, 28.1, 25.6, 25.0, 14.2; HRMS 
(CI) m/z: calcd for C12H18O2
35
Cl3 [M + H]
+
 299.0372, found: 299.0360. 
 
(1R*,2S*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carbonitrile (2,3-trans-4i). A 




H NMR (300 MHz, CDCl3) : 2.50 (t, J = 5.0 Hz, 1H), 
2.10 (dd, J = 9.0, 5.0 Hz, 1H), 1.89-1.36 (m, 7H), 0.94 (t, J = 7.0 Hz, 3H). 
13
C NMR (75 MHz, 
CDCl3); : 117.2, 96.4, 45.5, 30.4, 28.6, 26.4, 22.2, 13.9, 11.5; HRMS (ESI) m/z: calcd for 
C9H12NNa
35
Cl3 [M + Na]
+
 261.9928, found: 261.9931. 
 
(1R*,2R*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carbonitrile (2,3-cis-4i) A 




H NMR (300 MHz, CDCl3) : 2.87 (1H, dd, J = 9.5, 6.5 
Hz), 2.03 (1H, t, J = 5.5 Hz), 1.98-1.89 (1H, m), 1.85-1.70 (2H, m), 1.54-1.33 (4H, m), 0.94 
(3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 119.1, 95.6, 44.3, 31.5, 30.3, 24.2, 22.2, 
13.9, 11.4; HRMS (ESI) m/z: calcd for C9H12NNa
35
Cl3 [M + Na]
+








H NMR (300 MHz, CDCl3) : 3.77 (s, 
3H), 3.23 (s, 3H), 2.83 (dd, J = 6.0, 5.0 Hz, 1H), 2.78-2.70 (br s, 1H), 1.95-1.85 (m, 1H), 
1.61-1.53 (m, 2H), 1.47-1.25 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H); 
13
C NMR (75 MHz, CDCl3) : 
169.1, 98.9, 61.6, 44.8, 32.6, 31.4, 29.7, 25.3, 25.1, 22.3, 14.1; HRMS (ESI) m/z: calcd for 
C11H18NO2Na
35
Cl3 [M + Na]
+








H NMR (300 MHz, CDCl3) : 3.80 (3H, s), 
3.25 (3H, s), 2.82 (2H, d, J = 7.0 Hz), 2.01-1.88 (1H, m), 1.85-1.72 (2H, m), 1.53-1.29 (4H, 
m), 0.91 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 171.1, 97.9, 61.9, 45.9, 32.5, 31.4, 
30.3, 25.9, 24.6, 22.3, 13.9; HRMS (ESI) m/s: calcd for C11H19NO2
35







AgOAc-mediated Ring-opening Reaction of Cyclopropane 2,3-cis-4a [Table 7, entry 1]. A 
solution of 2,3-cis-4a (50 mg, 0.17 mmol) and AgOAc (35 mg, 0.2 mmol) in THF (5 mL) was 
added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was filtered 
through a thin pad of Celite. The filtrate was concentrated at reduced pressure. The residue 
was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a (36.0 mg, 84%). 
 
General Procedure for AgOAc-mediated Ring-opening Reaction of Cyclopropane [Table 
7]. A solution of 4 (0.17 mmol) and AgOAc (35 mg, 0.2 mmol) in THF (5 mL) was added to a 
sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was filtered through a 
thin pad of Celite. The filtrate was concentrated at reduced pressure. The residue was purified 
by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7 in yield shown in Table 7. 
 





H NMR (300 MHz, CDCl3) : 7.33-7.15 (5H, m), 5.78 (1H, d, J = 10.0 Hz), 4.12 
(2H, q, J = 7.0 Hz), 3.29-3.16 (1H, m), 2.73 (2H, d, J = 7.0 Hz), 2.43 (1H, dd, J = 15.5, 5.5 
Hz), 2.29 (1H, dd, J = 15.5, 8.0 Hz), 1.25 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 
171.5, 138.2, 129.2, 128.4, 126.5, 121.3, 60.6, 39.9, 38.7, 38.0, 14.2; HRMS (ESI) m/z: calcd 
for C14H17O2
35
Cl2 [M + H]
+
 287.0600; found: 287.0600. 
 





H NMR (300 MHz, CDCl3) : 5.68 (1H, d, J = 10.0 Hz, 1H), 4.14 (2H, qd, J = 7.0, 
2.5 Hz), 3.09-2.96 (1H, m), 2.38 (1H, dd, J = 15.0, 6.0 Hz), 2.27 (1H, dd, J = 15.0, 7.5 Hz), 
1.62-1.48 (1H, m), 1.35-1.19 (2H, m), 1.27 (3H, t, J = 7.0 Hz), 0.92 (3H, d, J = 6.5 Hz), 0.90 
(3H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 171.6, 132.7, 120.7, 60.5, 43.6, 39.6, 35.4, 
25.7, 23.2, 22.0, 14.2; HRMS (ESI) m/z: calcd for C11H18O2Na
35










H NMR (300 MHz, CDCl3) : 5.70 (1H, d, J = 10.0 Hz), 4.14 (2H, q, J = 7.0 Hz), 
2.99-2.87 (1H, m), 2.44 (1H, dd, J = 15.0, 6.5 Hz), 2.29 (1H, dd, J = 15.0, 8.0 Hz), 1.52-1.40 
(1H, m), 1.36-1.19 (13H, m), 1.26 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 6.5 Hz); 
13
C NMR (75 
MHz, CDCl3) : 171.7, 132.6, 120.9, 60.5, 39.3, 37.2, 34.3, 31.8, 29.5, 29.4, 29.2, 26.9, 22.6, 
14.2, 14.1; HRMS (ESI) m/z: calcd for C15H26O2Na
35
Cl2 [M + Na]
+










H NMR (300 MHz, CDCl3) : 5.74 (1H, d, J = 11.0 Hz), 4.13 (1H, qd, J = 
7.0, 1.0 Hz), 2.81 (1H, td, J = 11.0, 4.0 Hz), 2.55 (1H, dd, J = 14.0, 4.0 Hz), 2.15 (1H, dd, J = 
14.0, 11.0 Hz), 1.26 (3H, t, J = 7.0 Hz), 0.93 (9H, s); 
13
C NMR (75 MHz, CDCl3) : 172.4, 





 275.0576, found: 275.0574. 
 





H NMR (300 MHz, CDCl3) : 5.76 (1H, d, J = 10.0 Hz), 4.13 (2H, q, J = 
7.0 Hz), 2.89-2.78 (1H, m), 2.52 (1H, dd, J = 15.0, 5.0 Hz), 2.26 (1H, dd, J = 15.0, 9.0 Hz), 
1.89-1.49 (8H, m), 1.32-1.14 (1H, m), 1.26 (3H, d, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 
172.1, 132.0, 121.0, 60.8, 44.3, 42.6, 38.8, 30.8, 30.2, 25.4, 25.3, 14.4; HRMS (ESI) m/z: 
calcd for C12H19O2
35
Cl2 [M + H]
+
 265.0757, found : 265.0758. 
 





(300 MHz, CDCl3) : 5.76 (1H, d, J = 9.5 Hz), 2.83 (1H, dtt, J = 9.5, 6.0, 5.5 Hz), 2.44 (2H, d, 
J = 6.0 Hz), 1.67-1.24 (6H, m), 0.92 (3H, d, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 130.2, 





 228.0317, found: 228.0317. 
 





H NMR (300 MHz, CDCl3) : 5.74 (1H, d, J = 10.0 Hz), 3.68 (3H, s), 3.18 (3H, s), 
3.06-2.94 (1H, m), 2.51 (1H, dd, J = 15.0, 7.0 Hz), 2.44 (1H, dd, J = 15.0, 7.0 Hz), 1.60-1.47 
(1H, m), 1.40-1.21 (5H, m), 0.89 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 172.4, 
133.2, 120.4, 61.2, 36.8, 36.6, 34.1, 32.1, 29.2, 22.6, 14.0; HRMS (ESI) m/z: calcd for 
C11H20NO
35
Cl2 [M + H]
+







(1,1-Dimethylethyl)[(1,1-dimethyl-2-propynyl)oxy]dimethylsilane (49). To a solution of 
2-Methyl-3-butyn-2-ol (1.7 g, 20 mmol) in CH2Cl2 (60 mL) was added 2,6-lutadine (5.8 mL, 
50 mmol) and TBSOTf (5.5 mL, 24 mmol) at room temperature. After being stirred for 2 h, the 
reaction mixture was extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated at reduced pressure. The residue was purified by flash column chromatography 
(hexane) to afford 49 (3.7 g, 93%). A colorless oil; 
1
H NMR (300 MHz, CDCl3) : 2.39 (1H, s), 
1.47 (6H, m), 0.86 (9H, s), 0.17 (6H, s); 
13
C NMR (75 MHz, CDCl3) : 89.2, 70.7, 66.1, 32.9, 
25.7, 18.0, -2.9, -3.0; HRMS (ESI) m/z: Calcd for C11H23OSi [M + H]
+




Acid Ethyl Ester (12c). To a solution of 49 (3.6 g, 18 mmol) and Rh2(OAc)4 (5.3 mg, 0.012 
mmol) in CH2Cl2 (10 mL) was added a solution of ethyl diazoacetate (684 mg, 6 mmol)  by a 
syringe pump at rate of 1.0 mL/h under argon atmosphere at rt. After being stirred for 
overnight, the reaction mixture was filtered through a thin pad of silica gel. The filtrate was 
concentrated under reduced pressure. The crude product was purified by flash column 
chromatography (hexane : AcOEt = 10 : 1) to afford 12c (740.9 mg, 43%). A pale yellow oil; 




H NMR (300 MHz, CDCl3) : 6.36 (1H, d, J = 1.5 Hz), 4.20-4.05 (2H, 
m), 2.28 (1H, d, J = 1.5 Hz), 1.46 (3H, s), 1.40 (3H, s), 1.24 (3H, t, J = 7.0 Hz), 0.87 (9H, s), 
0.09 (6H, s); 
13
C NMR (75 MHz, CDCl3) : 175.7, 120.9, 93.6, 71.2, 60.2, 29.5, 29.2, 25.6, 
21.6, 18.0, 14.3, -2.5, -2.6; HRMS (ESI) m/z: calcd for C15H29O3Si [M + H]
+




ethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester (2,3-trans-4c). To a solution of 12c (1.0 
g, 3.5 mmol) in CHCl3 (35 mL) was added Et3B (1.0 M in hexane, 7.0 mL, 7.0 mmol) under 
nitrogen atmosphere at rt. After being stirred at the same temperature for 2 h, the reaction 
mixture was concentrated at reduced pressure. The crude product was purified by 
medium-pressure column chromatography (hexane : AcOEt = 10 : 1) to afford 2,3-trans-4c 




H NMR (300 MHz, 
CDCl3) : 4.16 (2H, q, J = 7.0 Hz), 3.08 (1H, t, J = 6.0 Hz), 2.24 (1H, dd, J = 10.0, 6.0 Hz), 
1.79 (1H, dd, J = 10.0, 6.0 Hz), 1.41 (3H, s), 1.40 (3H, s), 1.28 (3H, t, J = 7.0 Hz), 0.88 (9H, s), 
0.14 (3H, s), 0.03 (3H, s); 
13
C NMR (75 MHz, CDCl3) : 167.9, 99.0, 71.4, 60.9, 40.38, 40.36, 
30.9, 29.2, 27.2, 25.9, 18.2, 14.1, -2.0, -2.3; HRMS (ESI) m/z: calcd for C16H30O3Si
35





 403.1024, found: 403.0025. 
 
(1,5,6)-4,4,-Dimethyl-6-trichloromethyl-3-oxabicyclo[3.1.0]hexan-2-one (8). To a 
solution of 4i (1.2 g, 3 mmol) in EtOH (100 mL) was added conc. HCl (30 mL) under nitrogen 
atmosphere at 40 °C. After being stirred at the same temperature for 17 h,  the reaction mixture 
was poured sat. NaHCO3 and extracted with AcOEt. The organic phase was dried over MgSO4 
and concentrated at reduced pressure. The residue was purified by flash column 





H NMR (300 MHz, CDCl3) : 2.70 (1H, t, J = 4.5 Hz), 2.56-2.53 (2H, m), 
1.55 (3H, s), 1.49 (3H, s); 
13
C NMR (75 MHz, CDCl3) : 171.5, 95.5, 82.9, 41.6, 34.3, 28.7, 
27.5, 23.6; HRMS (ESI) m/z: calcd for C8H10O2
35
Cl2 [M + H]
+
 242.9741, found: 242.9743. 
 
4-(2,2-Dichloroethenyl)dihydro-5,5-dimethyl-2(3H)-furanone (9). 62) A solution of 8 (97 mg, 
0.4 mmol) and AgOAc (35 mg, 0.2 mmol) in THF (5 mL) was added to a sealed tube. After 
being stirred at 100 °C for 24 h, the reaction mixture was filtered through a thin pad of Celite. 
The filtrate was concentrated at reduced pressure. The residue was purified by preparative  
TLC (hexane : AcOEt = 10 : 1) to afford 9 (64.7 mg, 77%). White crystals. Mp: 115-117 °C; 




H NMR (300 MHz, CDCl3) : 5.81 (1H, d, J = 10.0 Hz), 3.33 (1H, td, J 
= 10.0, 8.5 Hz), 2.79 (1H, dd, J = 17.5, 8.5 Hz), 2.49 (1H, dd, J = 17.5, 10.5 Hz), 1.50 (3H, s), 
1.33 (3H, s); 
13
C NMR (75 MHz, CDCl3) : 173.8, 126.0, 124.1, 86.2, 46.1, 34.7, 27.8, 23.0; 
HRMS (ESI) m/z: calcd for C8H11O
35
Cl2 [M + H]
+







ZnMe2-mediated Ring-opening Reaction of trichlorocyclopropane 2,3-trans-4a [Table 8, 
entry 2]. To a solution of cyclopropane 2,3-trans-4a (30 mg, 0.10 mmol) in toluene (5 mL) 
was added ZnMe2 (1.0 M in hexane, 0.2 mL, 0.2 mmol) under nitrogen atmosphere at room 
temperature. After being stirred at reflux for 6 h, the reaction mixture was diluted with sat. 
NH4Cl and extracted with CHCl3. The organic phase was dried over Na2SO4 and concentrated 
at reduced pressure. Purification by preparative TLC (hexane : AcOEt = 20 : 1) afforded 
anti-10a (12.3 mg, 41%) . 
 
(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)heptanoic Acid Ethyl Ester (anti-10a). A 




H NMR (500 MHz, CDCl3) : 6.16 (1H, d, J = 10.0 Hz), 
4.42-4.38 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 10.0, 4.5 Hz), 1.73-1.69 (2H, m), 
1.55-1.52 (2H, m), 1.40-1.27 (2H, m), 1.30 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); 
13
C 
NMR (125 MHz, CDCl3) : 169.2, 124.7, 123.4, 62.4, 61.8, 52.6, 35.8, 28.7, 22.0, 14.1, 13.9; 
HRMS (CI) m/z: calcd for C11H18O2
35
Cl3 [M + H]
+
 287.0372, found: 287.0369. 
 
[Table 8, entry 3]. To a solution of cyclopropane 2,3-trans-4a (30 mg, 0.10 mmol) in benzene 
(5 mL) was added ZnMe2 (1.0 M in hexane, 0.2 mL, 0.2 mmol) under nitrogen atmosphere at 
room temperature. After being stirred at the reflux for 6.5 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over Na2SO4 and 
concentrated at reduced pressure. Purification by preparative TLC (hexane : AcOEt = 20 : 1) 
afforded anti-10a (11.1 mg, 37%). 
  
[Table 8, entry 4]. To a solution of cyclopropane 2,3-trans-4a (287 mg, 1.0 mmol) in CHCl3 
(10 mL) was added ZnMe2 (1.0 M in hexane, 2.0 mL, 2.0 mmol) under nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 2 h, the reaction mixture 
was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
Na2SO4 and concentrated at reduced pressure. Purification by flash column chromatography 
(hexane) afforded anti-10a (266 mg, 93%) . 
 
[Table 8, entry 5]. To a solution of cyclopropane 2,3-trans-4a (85 mg, 0.3 mmol) in CHCl3 (3 
mL) was added ZnEt2 (1.0 M in hexane, 0.6 mL, 0.6 mmol) under nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 5 h, the reaction mixture 
was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
Na2SO4 and concentrated at reduced pressure. Purification by preparative TLC (hexane : AcOEt 
87 
 
= 20 : 1) afforded anti-10a (37.4 mg, 44%) . 
 
[Table 8, entry 6]. To a solution of cyclopropane 2,3-trans-4a (58 mg, 0.2 mmol) in CHCl3 (5 
mL) was added ZnCl2 (55 mg, 0.4 mmol) under nitrogen atmosphere at room temperature. 
After being stirred at reflux for 48 h, the reaction mixture was diluted with H2O and extracted 
with CHCl3. The organic phase was dried over Mg2SO4 and concentrated at reduced pressure. 
Purification by preparative TLC (hexane : AcOEt = 20 : 1) afforded anti-10a (7.0 mg, 12%) . 
 
[Table 8, entry 8]. To a solution of cyclopropane 2,3-cis-4a (37 mg, 0.13 mmol) in CHCl3 (10 
mL) was added ZnMe2 (1.0 M in hexane, 0.52 mL, 0.52 mmol) under nitrogen atmosphere at 
room temperature. After being stirred at the reflux for 13 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over Na2SO4 and 
concentrated at reduced pressure. Purification by preparative TLC (hexane : AcOEt = 20 : 1) 
afforded syn-10a (28.1 mg, 76%). 
 
(2R*,3S*)-3-Chloro-2-(2,2-dichloroethenyl)heptanoic Acid Ethyl Ester (syn-10a). A 
colorless oil; IR(neat): 1739 cm-1; 1H NMR (300 MHz, CDCl3) : 5.96 (1H, d, J = 10.0 Hz), 
4.26-4.10 (3H, m), 3.75 (1H, dd, J = 10.0, 8.0 Hz), 1.85-1.50 (4H, m), 1.48-1.27 (2H, m), 1.30 
(3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 169.2, 125.2, 





 287.0372, found: 287.0365.
 
Elimination of anti- and syn-10a with DBU [Scheme 45].  
(E)-2-(2,2-Dichloroethenyl)-2-heptenoic Acid Ethyl Ester ((E)-55). To a solution of 
anti-10a (30 mg, 0.1 mmol) in CH2Cl2 (1 mL) was added DBU (15 mg, 0.1 mmol) in CH2Cl2 
(1 mL) under nitrogen atmosphere at 0 °C. After being stirred at the same temperature for 2 h, 
the reaction mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase 
was dried over Na2SO4 and concentrated at reduced pressure. Purification by preparative TLC 




H NMR (500 MHz, CDCl3) : 6.92 (1H, td, J = 8.0, 1.0 Hz), 6.48 (1H, d, J = 1.0 Hz), 4.22 
(2H, q, J = 7.0 Hz), 2.18 (2H, qd, J = 8.0, 1.0 Hz), 1.58-1.43 (2H, m), 1.37-1.33 (2H, m), 1.31 
(3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 165.6, 147.7, 










(Z)-2-(2,2-Dichloroethenyl)-2-heptenoic Acid Ethyl Ester ((Z)-55).  To a solution of 
syn-10a (10 mg, 0.035 mmol) in CH2Cl2 (1 mL) was added DBU (11 mg, 0.1 mmol) in CH2Cl2 
(1 mL) under nitrogen atmosphere at 0 °C. After being stirred at the same temperature for 2 h, 
the reaction mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase 
was dried over Na2SO4 and concentrated at reduced pressure. Purification by preparative TLC 




H NMR (500 MHz, CDCl3) : 6.51 (1H, d, J = 1.0 Hz), 6.29 (1H, dt, J = 7.5, 1.0 Hz), 4.24 
(2H, q, J = 7.0 Hz), 2.48 (2H, qd, J = 7.5, 1.0 Hz), 1.46-1.42 (2H, m), 1.39-1.33 (2H, m), 1.32 
(3H, t, J = 7.0 Hz), 0.91 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 165.9, 147.5, 












General Procedure for Preparation of Cyclopropenes [Table 9, entries 1-5]. To a solution 
of alkyne (25 mmol) and Rh2(OAc)4 (0.04 mmol) in CH2Cl2 (10 mL) was added a solution of 
ethyl diazoacetate (17.5 mmol) in CH2Cl2 (2.5 mL) by a syringe pump at rate of 1.0 mL/h 
under argon atmosphere at RT. After being stirred for overnight, the reaction mixture was 
filtered through a thin pad of silica gel. The filtrate was concentrated under reduced pressure. 
The crude product was purified by flash column chromatography (hexane : AcOEt = 10 : 1) to 
afford corresponding cyclopropenes 12k-o in yield shown in Table 4. 
 





H NMR (300 MHz, CDCl3) : 6.34 (1H, q, J = 1.5 Hz), 4.18-4.07 (2H, m), 2.48 
(2H, td, J = 7.0, 1.5 Hz), 2.13 (1H, d, J = 1.5 Hz), 1.68-1.58 (2H, m), 1.25 (3H, t, J = 7.0 Hz), 
0.98 (3H, t, J = 7.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.4, 115.5, 94.1, 60.1, 27.0, 20.2, 
19.8, 14.5, 13.8; HRMS (ESI) m/z: calcd for C9H14O2Na [M + Na]
+
 177.0886, found: 
177.0884. 
 





H NMR (300 MHz, CDCl3) : 6.32 (1H, q, J = 1.5 Hz), 4.18-4.08 (2H, m), 2.49 
(2H, td, J = 7.0, 1.5 Hz), 2.12 (1H, d, J = 1.5 Hz), 1.64-1.55 (2H, m), 1.37-1.23 (4H, m), 1.25 
(3H, t, J = 7.0 Hz), 0.89 (3H, t, J = 7.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.4, 115.6, 93.9, 
60.1, 31.4, 26.4, 25.0, 22.4, 19.8, 14.5, 14.0; HRMS (ESI) m/z: calcd for C11H18O2Na [M + 
Na]
+
 205.1199, found: 205.1198. 
 





H NMR (300 MHz, CDCl3) : 6.32 (1H, q, J = 1.5 Hz), 4.18-4.07 (2H, m), 2.49 
(2H, td, J = 7.5, 1.5 Hz), 2.12 (1H, d, J = 1.5 Hz), 1.57 (2H, m), 1.38-1.24 (6H, m), 1.25 (3H, t, 
J = 7.5 Hz), 0.89 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.7, 115.6, 93.9, 60.1, 
31.5, 28.8, 26.6, 24.9, 22.5, 19.7, 14.4, 14.0; HRMS (ESI) m/z: calcd for C12H20O2Na [M + 
Na]
+
 219.1356; found: 219.1358. 
 
2-[2-(2-Naphthalenyl)ethyl]-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12n). A 




H NMR (300 MHz, CDCl3) : 7.81 (1H, br d, J = 8.5 Hz), 
7.79 (2H, br d, J = 8.5 Hz), 7.65 (1H, br s), 7.46 (1H, br td, J = 8.0, 1.5 Hz), 7.43 (1H, br td, J 
= 8.0, 1.5 Hz), 7.35 (1H, br dd, J = 8.0, 1.5 Hz), 6.36 (1H, q, J = 1.0 Hz), 4.15-4.04 (2H, m), 




C NMR (75 MHz, CDCl3) : 176.4, 138.1, 133.6, 132.1, 128.0, 127.6, 127.5, 126.9, 126.5, 
126.0, 125.4, 114.9, 95.0, 60.2, 33.0, 26.6, 19.9, 14.3; HRMS (ESI) m/z: calcd for C18H19O2 
[M + H]
+
 267.1380; found: 267.1376. 
 
2-[2-(4-Bromophenyl)ethyl]-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12o). A 




H NMR (300 MHz, CDCl3) : 7.41 (2H, br d, J = 8.0 Hz), 
7.09 (2H, br d, J = 8.0 Hz) 6.36 (1H, q, J = 1.5Hz), 4.17-4.06 (2H, m), 2.90-2.76 (4H, m), 2.12 
(1H, d, J = 1.5 Hz), 1.25 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.3, 139.5, 
131.5, 130.1, 120.0, 114.5, 95.2, 60.2, 32.2, 26.4, 19.8, 14.3; HRMS (ESI) m/z: calcd for 
C14H15O2Na
79
Br [M + Na]
+
 317.0148, found: 317.0151. 
 
General Procedure for Triethylborane-mediated Trichloromethyl Radical Addition to 
Cyclopropenes [Table 10, entries 1-5]. To a solution of cyclopropene (1.0 mmol) in CHCl3 
(10 mL) was added Et3B (1.0 M in hexane, 0.5-2.0 mL, 0.5-2.0 mmol) under nitrogen 
atmosphere at RT. After being stirred at the same temperature for 2 h, the reaction mixture was 
diluted with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated at reduced pressure. The crude product was purified by medium-pressure column 
chromatography (hexane) to afford the corresponding cyclopropanes 4k-o in yield shown in 
Table 12. 
 
(1R*,2S*,3R*)-2-Propyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, 
q, J = 7.0 Hz), 2.71 (1H, dd, J = 6.0, 5.0 Hz), 2.29 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J 
= 10.0, 7.0, 6.0 Hz), 1.70-1.25 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); 
13
C 
NMR (75 MHz, CDCl3) : 169.7, 98.3, 61.0, 45.6, 29.3, 27.6, 27.1, 22.2, 14.2, 13.7; HRMS 
(CI) m/z: calcd for C10H16O2
35
Cl3 [M + H]
+
 273.0215, found: 273.0208. 
 
(1R*,2R*,3R*)-2-Propyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, q, 
J = 7.0 Hz), 2.84 (1H, dd, J = 9.0, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.93-1.88 (1H, m), 
1.78-1.70 (2H, m), 1.58-1.42 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 0.95 (3H, t, J = 7.5 Hz); 
13
C 
NMR (75 MHz, CDCl3) : 171.8, 97.3, 61.2, 45.6, 30.9, 28.6, 26.8, 22.9, 14.2, 13.7; HRMS 
(CI) m/z: calcd for C10H16O2
35
Cl3 [M + H]
+
 273.0215, found : 273.0200. 
 
(1R*,2S*,3R*)-2-Pentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, 
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q, J = 7.0 Hz), 2.71 (1H, dd, J = 6.5, 5.0 Hz), 2.28 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J 
= 10.0, 7.5, 6.5 Hz), 1.70-1.48 (2H, m), 1.45-1.26 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 169.3, 98.3, 61.0, 45.7, 31.3, 29.5, 28.7, 27.1, 25.4, 
22.5, 14.2, 13.9; HRMS (CI) m/z: calcd for C12H20O2
35
Cl3 [M + H]
+
 301.0527, found: 
301.0521. 
 
(1R*,2R*,3R*)-2-Pentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, q, 
J = 7.0 Hz), 2.84 (1H, dd, J = 9.0, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.95-1.89 (1H, m), 
1.80-1.69 (2H, m), 1.52-1.42 (2H, m), 1.34-1.25 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.89 (3H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 171.8, 97.3, 61.2, 45.7, 31.4, 31.1, 29.4, 28.6, 24.7, 
22.5, 14.2, 14.0; HRMS (CI) m/z: calcd for C12H20O2
35
Cl3 [M + H]
+
 301.0527, found: 
301.0524. 
 
(1R*,2S*,3R*)-2-Hexyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, 
q, J = 7.0 Hz), 2.71 (1H, dd, J = 6.0, 5.0 Hz), 2.28 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J 
= 10.0, 7.5, 6.0 Hz), 1.68-1.49 (2H, m), 1.45-1.20 (8H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 169.6, 98.3, 61.0, 45.7, 31.7, 29.5, 29.0, 28.8, 27.1, 
25.6, 22.5, 14.2, 14.0; HRMS (CI) m/s: calcd for C13H22O2
35
Cl3 [M + H]
+
 315.0684, found: 
315.0662. 
 
(1R*,2R*,3R*)-2-Hexyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 4.18 (2H, q, 
J = 7.0 Hz), 2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.98-1.85 (1H, m), 
1.80-1.66 (2H, m), 1.51-1.40 (2H, m), 1.40-1.23 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 171.8, 97.3, 61.2, 45.7, 31.6, 31.1, 29.7, 28.8, 28.6, 
24.8, 22.6, 14.2, 14.0; HRMS (CI) m/z: calcd for C13H22O2
35
Cl3 [M + H]
+








H NMR (500 MHz, 
CDCl3) : 7.81-7.77 (3H, m), 7.63 (1H, br s), 7.47-7.40 (2H, m), 7.32 (1H, br dd, J = 8.0, 2.0 
Hz), 4.16-4.05 (2H, m), 2.92 (1H, ddd, J = 14.5, 8.5, 6.0 Hz), 2.85-2.79 (1H, m), 2.80 (1H, dd, 
J = 6.0, 5.0 Hz), 2.30 (1H, dd, J = 9.5, 5.0 Hz), 2.12-2.06 (1H, m), 2.04-1.90 (2H, m), 1.23 
(3H, t, J = 7.0 Hz,); 
13
C NMR (125 MHz, CDCl3) : 169.6, 138.5, 133.6, 132.1, 128.0, 127.6, 
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127.4, 127.2, 126.6, 125.9, 125.3, 98.1, 61.7, 45.8, 35.4, 28.9, 27.5, 27.0, 14.1; HRMS (EI) 




 384.0450, found: 384.0455.  
 
(1R*,2R*,3R*)-2-[2-(2-Naphthalenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic 




H NMR (500 MHz, 
CDCl3) : 7.81-7.75 (3H, m), 7.60 (1H, br s), 7.47-7.41 (2H, m), 7.32 (1H, br dd, J = 8.0, 1.5 
Hz), 4.11-3.92 (2H, m), 3.03 (1H, ddd, J = 14.0, 8.5, 6.0 Hz), 2.91 (1H, dt, J = 14.0, 8.0 Hz), 
2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.35 (1H, ddt, J = 14.0, 8.0, 6.0 Hz), 2.25-2.18 (1H, m), 2.16 
(1H, dd, J = 6.0, 5.0 Hz), 1.77 (1H, tt, J = 9.5, 6.0 Hz), 1.15 (3H, t, J = 7.0 Hz,). 
13
C NMR 
(125 MHz, CDCl3) : 171.5, 138.4, 133.6, 132.1, 128.1, 127.6, 127.4, 127.0, 126.7, 126.0, 





 384.0450, found: 384.0457. 
 
(1R*,2S*,3R*)-2-[2-(4-Bromophenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic 




H NMR (500 MHz, 
CDCl3) : 7.40 (2H, br d, J = 8.5 Hz), 7.06 (2H, br d, J = 8.0 Hz), 4.20-4.09 (2H, m), 2.75 (1H, 
dd, J = 5.5, 5.0 Hz), 2.74-2.68 (1H, m), 2.64-2.58 (1H, m), 2.28 (1H, dd, J = 10.0, 5.5 Hz), 
2.01-1.96 (1H, m), 1.91-1.84 (1H, m), 1.80-1.74 (1H, m), 1.28 (3H, t, J = 7.5 Hz,); 
13
C NMR 
(125 MHz, CDCl3) : 169.6, 139.9, 131.5, 130.2 119.8, 98.0, 61.2, 45.8, 34.6, 28.7, 27.3, 27.0, 






 411.9398, found: 411.9410.  
 
(1R*,2R*,3R*)-2-[2-(4-Bromophenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic 




H NMR (500 MHz, 
CDCl3) : 7.40 (2H, br d, J = 8.5 Hz), 7.04 (2H, br d, J = 8.5 Hz), 4.18-4.09 (2H, m), 2.83 (1H, 
dd, J = 9.5, 5.0 Hz), 2.83-2.79 (1H, m), 2.73-2.67 (1H, m), 2.25 (1H, ddt, J = 14.5, 8.5, 5.0 
Hz), 2.16 (1H, t, J = 5.0 Hz), 2.13-2.05 (1H, m), 1.70 (1H, tt, J = 9.5. 5.0 Hz), 1.29 (3H, t, J = 
7.5 Hz); 
13
C NMR (125 MHz, CDCl3) : 171.4, 139.9, 131.5, 130.2, 119.1, 97.0, 61.3, 45.4 









General Procedure for ZnMe2-mediated Ring-opening Reaction of Cyclopropane [Table 
11]. To a solution of cyclopropane 4 (0.10 mmol) in CH2Cl2 (5 mL) was added ZnMe2 (1.0 M 
in hexane, 0.2 mL, 0.2 mmol) under nitrogen atmosphere at room temperature. After being 
stirred at reflux for 6 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over Na2SO4 and concentrated at reduced pressure. 





(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)benzenepentanoic Acid Ethyl Ester (anti-10f) 




H NMR (300 MHz, CDCl3) : 7.34-7.19 (5H, 
m), 6.16 (1H, d, J = 10.0 Hz), 4.41-4.35 (1H, m), 4.20 (2H, q, J = 7.0 Hz), 3.73 (1H, dd, J = 
10.0, 4.0 Hz), 2.95-2.86 (1H, m), 2.74 (1H, dt, J = 14.0, 8.5 Hz), 2.05-1.98 (2H, m), 1.29 (3H, 
t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 168.9, 140.2, 128.6, 128.5, 126.3, 124.9, 123.3, 
61.8, 61.5, 52.7, 37.8, 32.7, 14.1; HRMS (ESI) m/z: calcd for C15H18O2
35
Cl3 [M + H]
+
 
335.0360, found : 335.0368. 
 
(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)hexanoic Acid Ethyl Ester (anti-10k) [entry 2]. 




H NMR (300 MHz, CDCl3) : 6.16 (1H, d, J = 9.5 Hz), 
4.45-4.39 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 9.5, 4.5 Hz), 1.74-1.54 (3H, m), 
1.50-1.39 (1H, m), 1.30 (3H, t, J = 7.0 Hz), 0.95 (3H, t, J = 7.0 Hz), 
13
C NMR (75 MHz, 
CDCl3) : 169.1, 124.7, 123.4, 62.1, 61.8, 52.6, 38.1, 19.8, 14.1, 13.3; HRMS (ESI) m/z: calcd 
for C10H16O2
35
Cl3 [M + H]
+
 273.0215, found: 273.0200. 
 
(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)octanoic Acid Ethyl Ester (anti-10l) [entry 3]. 




H NMR (300 MHz, CDCl3) : 6.16 (1H, d, J = 9.5 Hz), 
4.42 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 9.5, 4.0 Hz), 1.74-1.67 (2H, m), 
1.60-1.25 (6H, m), 1.30 (3H, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 169.1, 124.7, 123.4, 62.4, 61.8, 52.6, 36.1, 31.0, 26.2, 22.4, 14.1, 13.9; HRMS 
(ESI) m/z: calcd for C12H20O2
35
Cl3 [M + H]
+
 301.0527, found: 301.0544. 
 
(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)nonanoic Acid Ethyl Ester (anti-10m) [entry 




H NMR (300 MHz, CDCl3) : 6.16 (1H, d, J = 10.0 
Hz), 4.43-4.37 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 10.0, 4.0 Hz), 1.74-1.67 
(2H, m), 1.62-1.50 (1H, m), 1.43-1.26 (7H, m), 1.29 (3H, t, J = 7.0 Hz), 0.89 (3H, t, J = 7.0 
Hz); 
13
C NMR (75 MHz, CDCl3) : 169.2, 124.7, 123.4, 62.4, 61.8, 52.6, 36.1, 31.6, 28.6, 26.5, 
22.5, 14.1, 14.0; HRMS (ESI) m/z: calcd for C13H22O2
35
Cl3 [M + H]
+
 315.0684; found: 
315.0655. 
 
(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)-2-naphthalenepentanoic Acid Ethyl Ester 




H NMR (500 MHz, CDCl3) : 
7.83-7.78 (3H, m), 7.64 (1H, br s), 7.47 (1H, br td, J = 8.0, 1.5 Hz), 7.44 (1H, br d, J = 8.0 Hz), 
7.32 (1H, br dd, J = 8.0, 2.0 Hz), 6.17 (1H, d, J = 10.0 Hz), 4.43-4.37 (1H, m), 4.19 (2H, q, J = 
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7.0 Hz), 3.75 (1H, dd, J = 10.0, 4.5 Hz), 3.07 (1H, dt, J = 13.5, 7.0 Hz), 2.90 (1H, dt, J = 13.5, 
8.0 Hz), 2.10 (2H, q, J = 7.0 Hz), 1.25 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 
168.9, 137.7, 133.6, 132.2, 128.3, 127.6, 127.5, 127.0, 126.8, 126.1, 125.4, 124.9, 123.3, 61.9, 




 384.0450, found : 
384.0453. 
 
(2R*,3R*)-5-(4-Bromophenyl)-3-chloro-2-(2,2-dichloroethenyl)pentanoic Acid Ethyl 




H NMR (300 MHz, CDCl3) 
: 7.43 (2H, br d, J = 8.0 Hz), 7.07 (2H, br d, J = 8.0 Hz), 6.15 (1H, d, J = 10.0 Hz), 4.33 (1H, 
dt, J = 9.0, 4.5 Hz), 4.21 (2H, q, J = 7.0 Hz), 3.71 (1H, dd, J = 10.0, 4.5 Hz), 2.91-2.81 (1H, 
m), 2.70 (1H, dt, J = 14.0, 8.5 Hz), 2.02-1.94 (2H, m), 1.27 (3H, t, J = 7.0 Hz); 
13
C NMR (75 
MHz, CDCl3) : 168.8, 139.1, 131.7, 130.2, 125.0, 123.2, 120.2, 61.9, 61.2, 52.7, 37.5, 32.0, 














Procedure for CuCl/bpy-catalyzed Ring-opening Reaction of Cyclopropane 2,3-trans-4a 
[Table 12, entry 1]. A two-neck flask was charged with CuCl (1.7 mg, 0.017 mmol) and bpy 
(2.7 mg, 0.017 mmol), evacuated and backfilled with argon. A solution of 2,3-trans-4a (50 mg, 
0.17 mmol) in 1,2-dichloroethane (5 mL) was added. After being stirred at reflux for 4 h, the 
reaction mixture was filtered through a thin pad of Celite. The filtrate was concentrated at 
reduced pressure. The residue was purified by preparative TLC (hexane) to afford 11a (47.5 
mg, 95%) as a 1:1 mixture of diastereomers. Each diastereomer was separated by preparative 
TLC (hexane). The stereostructure was not determined.  
 
2-Chloro-3-(2,2-dichloroethenyl)heptanoic Acid Ethyl Ester (11a). 




H NMR (500 MHz, CDCl3) : 
5.79 (1H, d, J = 10.0 Hz), 4.28-4.22 (3H, m), 3.19-3.09 (1H, m), 1.70-1.64 (1H, m), 1.46-1.39 
(1H, m), 1.38-1.20 (4H, m), 1.31 (3H, t, J = 7.0 Hz), 0.90 (3H, br t, J = 7.0 Hz); 
13
C NMR 
(125 MHz, CDCl3) : 168.2, 128.7, 123.4, 62.3, 60.8, 44.3, 30.1, 28.7, 22.5, 14.1, 13.9; HRMS 




 286.0293, found: 286.0305. 




H NMR (500 MHz, CDCl3) : 
5.84 (1H, d, J = 10.0 Hz), 4.36 (1H, d, J = 5.0 Hz), 4.28-4.21 (2H, m), 3.20 (1H, tt, J = 10.0, 
5.0 Hz), 1.60-1.45 (2H, m), 1.38-1.25 (4H, m), 1.31 (3H, t, J = 7.0 Hz), 0.91 (3H, br t, J = 7.5 
Hz); 
13
C NMR (125 MHz, CDCl3) : 168.3, 128.0, 123.0, 64.4, 60.6, 44.1, 31.5, 28.8, 22.5, 




 286.0293, found: 286.0292. 
 
 
CuCl/bpy-catalyzed Ring-opening Reaction of 2,3-cis-4a [Table 12, entry 2]. A two-neck 
flask was charged with CuCl (1.7 mg, 0.017 mmol) and bpy (2.7 mg, 0.017 mmol), evacuated 
and backfilled with argon. A solution of 2,3-cis-4a (50 mg, 0.17 mmol) in 1,2-dichloroethane 
(5 mL) was added. After being stirred at reflux for 4 h, the reaction mixture was filtered 
through a thin pad of celite. The filtrate was concentrated at reduced pressure. The residue was 
purified by preparative TLC (hexane) to afford 11a (47.5 mg, 95%) as a 1:1 mixture of 
diastereomers. 
 
General Procedure for CuCl/bpy-catalyzed Ring-opening Reaction of Cyclopropane 
2,3-trans-4 [Table 12, entries 3,4]. A two-neck flask was charged with CuCl (1.7 mg, 0.017 
mmol) and bpy (2.7 mg, 0.017 mmol), evacuated and backfilled with argon. A solution of 
2,3-trans-4 (0.17 mmol) in 1,2-dichloroethane (5 mL) was added. After being stirred at reflux 
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for 4 h, the reaction mixture was filtered through a thin pad of Celite. The filtrate was 
concentrated at reduced pressure. The residue was purified by preparative  TLC (hexane) to 
afford 11 as a 1:1 mixture of diastereomers in yield shown in Table 14. Each diastereomer was 
separated by preparative TLC (hexane). The stereostructure was not determined.  
 
2-Chloro-3-(2,2-dichloroethenyl)-5-methylhexanoic Acid Ethyl Ester (11d) [entry 3]. 




H NMR (500 MHz, CDCl3) : 
5.79 (1H, d, J = 10.5 Hz), 4.32-4.20 (3H, m), 3.27-3.21 (1H, m), 1.59-1.51 (1H, m), 1.42-1.39 
(2H, m), 1.32 (3H, t, J = 7.0 Hz), 0.93 (3H, d, J = 7.0 Hz), 0.91 (3H, d, J = 7.0 Hz); 
13
C NMR 
(125 MHz, CDCl3) : 168.1, 129.2, 123.2, 62.3, 60.6, 42.5, 39.6, 25.5, 23.7, 21.6, 14.1; HRMS 
(ESI) m/z: calcd for C11H17O2Na
35
Cl3 [M + Na]
+
 309.0186. found: 309.0184. 




H NMR (500 MHz, CDCl3) : 
5.82 (1H, d, J = 10.0 Hz), 4.32 (1H, d, J = 5.0 Hz), 4.31-4.20 (2H, m), 3.32-3.26 (1H, m), 
1.62-1.52 (2H, m), 1.47-1.41 (1H, m), 1.33-1.30 (3H, t, J = 7.0 Hz), 0.95 (3H, d, J = 6.5 Hz), 
0.93 (3H, d, J = 6.5 Hz); 
13
C NMR (125 MHz, CDCl3) : 168.2, 128.3, 122.9, 62.4, 60.8, 42.2, 
40.8, 25.5, 23.0, 22.2, 14.1; HRMS (ESI) m/z: calcd for C11H17O2Na
35





2-Chloro-3-(2,2-dichloroethenyl)undecanoic Acid Ethyl Ester (11e) [entry 4].  




H NMR (500 MHz, CDCl3) : 
5.79 (1H, d, J = 10.0 Hz), 4.28-4.22 (3H, m), 3.19-3.09 (1H, m), 1.70-1.64 (1H, m), 1.46-1.39 
(1H, m), 1.38-1.20 (12H, m), 1.31 (3H, t, J = 7.0 Hz), 0.90 (3H, br t, J = 7.0 Hz). 
13
C NMR 
(125 MHz, CDCl3) : 168.2, 128.8, 123.4, 62.3, 60.1, 44.4, 31.8, 30.4, 29.40, 29.37, 29.2, 26.5, 
22.7, 14.10, 14.07; HRMS (ESI) m/z: calcd for C15H25O2Na
35
Cl3 [M + Na]
+
 365.0812, found: 
365.0810. 




H NMR (500 MHz, CDCl3) : 
5.83 (1H, d, J = 10.0 Hz), 4.36 (1H, d, J = 4.5 Hz), 4.30-4.20 (2H, m), 3.23-3.17 (1H, m), 
1.57-1.47 (2H, m), 1.33-1.26 (12H, m), 1.31 (3H, t, J = 7.0 Hz), 0.88 (3H, br t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 168.3, 128.0, 123.0, 62.4, 60.6, 44.1, 31.82, 31.79, 29.37, 
29.35, 29.2, 26.6, 22.6, 14.10, 14.05; HRMS (ESI) m/z: calcd for C15H25O2Na
35
Cl3 [M + Na]
+
 
365.0812; found: 365.0810. 
 
2-Chloro-3-(2,2-dichloroethenyl)-4,4-dimethylpentanoic Acid Ethyl Ester (11g) [Table 12, 
entry 5]. A two-neck flask was charged with CuCl (1.7 mg, 0.017 mmol) and bpy (2.7 mg, 
0.017 mmol), evacuated and backfilled with argon. A solution of 2,3-trans-4g (50.0 mg, 0.174 
mmol) in 1,2-dichloroethane (5 mL) was added. After being stirred at reflux for 8 h, the 
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reaction mixture was filtered through a thin pad of Celite. The filtrate  was concentrated at 
reduced pressure. The residue was purified by preparative TLC (hexane) to afford 11g (45.8 
mg, 92%, dr = 1:3). Each diastereomer was separated by preparative TLC (hexane). The 
stereostructure was not determined. 




H NMR (300 
MHz, CDCl3) : 6.18 (1H, d, J = 11.5 Hz), 4.49 (1H, d, J = 5.0 Hz), 4.28-4.17 (2H, m), 2.95 
(1H, dd, J = 11.5, 5.0 Hz), 1.32 (3H, t, J = 7.0 Hz), 1.00 (9H, s); 
13
C NMR (125 MHz, CDCl3) 
: 168.9, 126.3, 123.7, 62.1, 56.5, 55.2, 35.2, 28.1, 13.9; HRMS (ESI) m/z: calcd for 
C11H17O2Na
35
Cl3 [M + Na]
+
 309.0186, found: 309.0181. 




H NMR (300 
MHz, CDCl3) : 6.06 (1H, d, J = 11.0 Hz), 4.61 (1H, d, J = 3.5 Hz), 4.32-4.15 (2H, m), 3.07 
(1H, dd, J = 11.0, 3.5 Hz), 1.60-1.45 (2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.04 (9H, s); 
13
C NMR 
(125 MHz, CDCl3) : 169.3, 126.7, 123.3, 63.0, 58.7, 52.5, 35.7, 28.5, 14.4; HRMS (ESI) m/z: 
calcd for C11H17O2Na
35
Cl3 [M + Na]
+






Alkyl nitrite-mediated nitration reaction of cyclopropene 12a [Table 13, entry 1]. A 
solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (82.5 mg, 0.8 mmol) in THF (2 mL) was 
added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was 
extracted with CHCl3. The organic layer was dried over MgSO4, and the solvents were 
removed under vacuum. The residue was purified by preparative  TLC (hexane : AcOEt = 20 : 
1) to afford 2,3-trans-13a (11.8 mg, 14%) and 2,3-cis-13a (11.5 mg, 13%). 
 
(1R*,2S*,3R*)-2-Butyl-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 MHz, CDCl3) : 
4.56 (1H, dd, J = 4.5, 3.5 Hz), 4.20 (2H, q, J = 7.5 Hz), 2.89 (1H, dd, J = 11.0, 3.5 Hz), 2.36 
(1H, dtd, J = 11.0, 7.5, 4.5 Hz), 1.76-1.50 (2H, m), 1.43-1.25 (4H, m), 1.30 (3H, t, J = 7.5 Hz), 
0.90 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 167.5, 64.0, 61.6, 32.0, 30.8, 30.3, 
24.3, 22.1, 14.2, 13.9; HRMS (ESI) m/z: calcd for C10H17NO4Na [M + Na]
+
 238.1050, found: 
238.1055. 
 
(1R*,2R*,3R*)-2-Butyl-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester (2,3-cis-13a). 




H NMR (300 MHz, CDCl3) : 4.67 (1H, dd, J = 
8.5, 3.5 Hz), 4.18 (2H, q, J = 7.0 Hz), 2.74 (1H, dd, J = 7.5, 3.5 Hz), 1.99 (1H, dq, J = 8.5, 7.5 
Hz), 1.79-1.57 (2H, m), 1.47-1.22 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz); 
13
C NMR (125 MHz, CDCl3) : 169.3, 64.4, 61.7, 31.3, 30.7, 29.3, 24.7, 22.1, 14.1, 13.8; 
HRMS (ESI) m/z: calcd for C10H17NO4Na [M + Na]
+
 238.1050, found: 238.1053. 
 
[Table 13, entry 2]. A solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (165 mg, 1.6 mmol) 
in THF (2 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction 
mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the solvents 
were removed under vacuum. The residue was purified by preparative  TLC (hexane : AcOEt = 
20 : 1) to afford 2,3-trans-13a (21.2 mg, 25%) and 2,3-cis-13a (21.0 mg, 24%). 
 
[Table 13, entry 3]. A solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (165 mg, 1.6 mmol) 
in dioxane (2 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative  TLC (hexane : 




[Table 13, entry 4]. A solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (165 mg, 1.6 mmol) 
in CHCl3 (2 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative  TLC (hexane : 
AcOEt = 20 : 1) to afford 2,3-trans-13a (2.3 mg, 3%) and 2,3-cis-13a (2.0 mg, 2%). 
 
[Table 13, entry 5]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to 
tBuONO (165 mg, 1.6 mmol) at room temperature. After being stirred at reflux for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane : 
AcOEt = 20 : 1) to afford 2,3-trans-13a (26.7 mg, 31%) and 2,3-cis-13a (26.8 mg, 31%). 
 
[Table 13, entry 6]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to 
tBuONO (123.8 mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative  TLC (hexane : 
AcOEt = 20 : 1) to afford 2,3-trans-13a (26.2 mg, 30%) and 2,3-cis-13a (26.5 mg, 31%). 
 
[Table 13, entry 7]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to 
tBuONO (82.5 mg, 0.8 mmol) at room temperature. After being stirred at reflux for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative  TLC (hexane : 
AcOEt = 20 : 1) to afford 2,3-trans-13a (18.7 mg, 22%) and 2,3-cis-13a (18.3 mg, 21%). 
 
[Table 13, entry 8]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (4 mL) was added to 
tBuONO (123.8 mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative  TLC (hexane : 
AcOEt = 20 : 1) to afford 2,3-trans-13a (24.1 mg, 28%) and 2,3-cis-13a (24.3 mg, 28%). 
 
[Table 13, entry 9]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to 
iAmONO (140.6 mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the 
reaction mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the 
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane : 






Control experiments for determing the radical process [Scheme 54]. To a solution of 12a 
(67.2 mg, 0.4 mmol) and TEMPO (93.8 mg, 0.6 mmol) in THF (2 mL) was added to tBuONO 
(165 mg, 1.6 mmol) at room temperature. After being stirred at reflux for 24 h, the reaction 
mixture was extracted with CHCl3. The organic layer was dried over MgSO4, and the solvents 
were removed under vacuum. The residue was purified by preparative  TLC (hexane : AcOEt = 
20 : 1) to afford no desired products. 
 
Deuterium labeling reaction [Scheme 55]. To a solution of 12a (67.2 mg, 0.4 mmol) in 
THF-d8 (2 mL) was added to tBuONO (123.8 mg, 1.2 mmol) at room temperature. After being 
stirred at reflux for 24 h, the reaction mixture was extracted with CHCl 3. The organic layer 
was dried over MgSO4, and the solvents were removed under vacuum. The residue was 
purified by preparative TLC (hexane : AcOEt = 20 : 1) to afford 2,3-trans-13a’ (13.0 mg, 
15%) and 2,3-cis-13a’ (12.8 mg, 15%). 
 
(1R*,2S*,3R*)-2-Butyl-3-nitorocyclopropane-2-d-1-carboxylic Acid Ethyl Ester 
(2,3-trans-13a’). A colorless oil; IR (neat): 1733, 1550 cm-1; 1H NMR (300 MHz, CDCl3) : 
4.55 (1H, d, J = 3.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 2.88 (1H, d, J = 3.5 Hz), 1.71-1.51 (4H, m), 
1.47-1.25 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 167.5, 63.9, 61.6, 31.7 (t, J = 24.5 Hz), 30.7, 30.2, 24.2, 22.0, 14.2, 13.8; HRMS 
(ESI) m/z: calcd for C10H16
2
HNO4Na [M + Na]
+
 239.1113, found: 239.1115. 
 
(1R*,2R*,3R*)-2-Butyl-3-nitorocyclopropane-2-d-1-carboxylic Acid Ethyl Ester 
(2,3-cis-13a’). A colorless oil; IR (neat): 1733, 1547 cm-1; 1H NMR (300 MHz, CDCl3) : 4.67 
(1H, d, J = 3.0 Hz), 4.18 (2H, q, J = 7.0 Hz), 2.74 (1H, d, J = 3.0 Hz), 1.76-1.58 (4H, m), 
1.44-1.30 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 0.89 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 169.3, 64.3, 61.7, 31.7, 30.6, 29.7, 24.5, 22.1, 14.1, 13.8; HRMS (ESI) m/z: calcd 
for C10H16
2
HNO4Na [M + Na]
+








General Procedure for Preparation of Cyclopropenes [Table 14, entries 1-3]. To a solution 
of alkyne (25 mmol) and Rh2(OAc)4 (0.04 mmol) in CH2Cl2 (10 mL) was added a solution of 
diazoesters (17.5 mmol) in CH2Cl2 (2.5 mL) by a syringe pump at rate of 1.0 mL/h under 
argon atmosphere at RT. After being stirred for overnight, the reaction mixture was filtered 
through a thin pad of silica gel. The filtrate was concentrated under reduced pressure. The 
crude product was purified by flash column chromatography (hexane : AcOEt = 10 : 1) to 
afford corresponding cyclopropenes 12p-r in yield shown in Table 14. 
 
2-Cyclohexyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12p) [entry 1]. A colorless 




H NMR (300 MHz, CDCl3) : 6.29 (1H, t, J = 1.5 Hz), 4.12-4.07 
(2H, m), 2.59-2.53 (1H, m), 2.13 (1H, d, J = 1.5 Hz), 1.92-1.82 (2H, m), 1.73-1.59 (3H, m), 
1.28-1.42 (5H, m), 1.25 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.6, 118.9, 92.6, 
59.9, 34.1, 30.1, 30.0, 25.8, 25.0, 24.9, 19.0, 14.2; HRMS (ESI) m/z: calcd for C12H19O2Na [M 
+ H]
+
 195.1380, found: 195.1384. 
 
 
2-(2-Methylpropyl)-2-cyclopropene-1-carboxylic Acid 1,1-Dimethylethyl Ester (12q) 




H NMR (300 MHz, CDCl3) : 6.34 (1H, q, J 
= 1.5 Hz), 2.38 (2H, dd, J = 6.5, 1.5 Hz), 2.03 (1H, d, J = 1.5 Hz), 2.00-1.86 (1H, m), 1.44 (9H, 
s), 0.99 (3H, t, J = 6.5 Hz), 0.98 (3H, t, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 175.8, 
114.9, 94.8, 79.6, 34.0, 28.3, 27.0, 22.50, 22.47, 20.9; HRMS (ESI) m/z: calcd for C12H20O2Na 
[M + Na]
+
 219.1356, found: 219.1350. 
 
 
2-(2-Methylpropyl)-2-cyclopropene-1-carboxylic Acid Phenylmethyl Ester (12r) [entry 3].  




H NMR (300 MHz, CDCl3) : 7.37-7.30 (5H, m), 6.37 
(1H, q, J = 1.5Hz), 5.15 (1H, d, J = 12.5 Hz), 5.09 (1H, d, J = 12..5 Hz), 2.39 (2H, dd, J = 7.0, 
1.5 Hz), 2.19 (1H, d, J = 1.5 Hz), 1.99-1.86 (1H, m), 0.97 (3H, t, J = 7.0 Hz), 0.95 (3H, d, J = 
7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 176.5, 136.6, 128.6, 128.3, 128.2, 114.9, 94.7, 66.3, 





2-(2-Methylpropyl)-2-cyclopropene-1-carbonitrile (12s) [Scheme 62]. 46 (4.63 g, 50 mmol) 
was dissolved in water (10 mL) in a 50 mL round-bottomed flask immersed in an ice-water 
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bath, and then CH2Cl2 (20 mL) was added. The mixture was stirred vigorously, and NaNO2 
(3.45 g, 50 mmol) was added over 5 min. After stirring for another 15 min, the mixture was 
extracted with CH2Cl2 (80 mL). Washing with saturated aqueous NaHCO3 solution and drying 
with Na2SO4 gave a solution of 47 (100 mL). To a solution of 4-Methyl-1-pentyne (1.23 g, 15 
mmol) and Rh2(OAc)4 (8.8 mg, 0.02 mmol) in CH2Cl2 (10 mL) was added a solution of 47 (20 
mL, 10 mmol, 0.5 M in CH2Cl2) by a syringe pump at rate of 1.0 mL/h under argon 
atmosphere at rt. After being stirred for overnight, the reaction mixture was filtered through a  
thin pad of silica gel. The filtrate was concentrated under reduced pressure. The crude product 
was purified by flash column chromatography (hexane : AcOEt = 10:1) to afford the title 




H NMR (300 MHz, CDCl3) 
: 6.48 (1H, q, J = 1.5 Hz), 2.46 (2H, dd, J = 7.0 Hz), 2.09-1.96 (1H, m), 1.82 (1H, d, J = 1.5 
Hz), 1.02 (3H, d, J = 6.5 Hz), 1.00 (3H, t, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 123.4, 
115.0, 94.5, 33.7, 26.7, 22.40, 22.36, 3.0; HRMS (APCI) m/z: calcd for C8H12NNa [M + H]
+
 
122.0964, found: 122.0973. 
 
General procedure for alkyl nitrite-mediated nitration reaction of cyclopropene 12 [Table 
15, entry 1-8]. To a solution of 12 (0.4 mmol) in THF (2 mL) was added to tBuONO (123.8 
mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the reaction mixture 
was extracted with CHCl3. The organic layer was dried over MgSO4, and the solvents were 
removed under vacuum. The residue was purified by preparative  TLC (hexane : AcOEt = 20 : 
1) to afford 13 in yield shown in Table 15. 
 
(1R*,2R*,3S*)-2-Nitoro-3-(phenylmethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 7.34-7.15 (5H, m), 4.73 (1H, t, J = 4.0 Hz), 4.19 (2H, q, J = 7.0 Hz), 3.08 (1H, 
dd, J = 15.0, 7.0 Hz), 2.98-286 (2H, m), 2.73-2.63 (1H, m), 1.26 (3H, t, J = 7.0 Hz); 
13
C NMR 
(75 MHz, CDCl3) : 167.2, 138.0, 128.6, 128.0, 126.7, 63.9, 61.7, 32.1, 30.4, 30.2, 14.1; 
HRMS (ESI) m/z: calcd for C13H15NO4Na [M + Na]
+
 272.0893, found: 272.0901. 
 
(1R*,2R*,3R*)-2-Nitoro-3-(phenylmethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 7.35-7.14 (5H, m), 4.73 (1H, dd, J = 8.5, 3.5 Hz), 4.18 (2H, q, J = 7.0 Hz), 
3.13 (1H, dd, J = 15.5, 7.0 Hz), 3.01-2.92 (1H, m), 2.35-2.24 (1H, m), 1.28 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 168.6, 137.9, 128.8, 128.1, 126.8, 64.1, 61.9, 31.8, 31.0, 29.8, 
14.2; HRMS (ESI) m/z: calcd for C13H15NO4Na [M + Na]
+




(1R*,2S*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 4.55 (1H, dd, J = 4.5, 3.5 Hz), 4.24-4.14 (2H, m), 2.89 (1H, dd, J = 11.0, 3.5 
Hz), 2.41-2.31 (1H, m), 1.73-1.41 (2H, m), 1.31-1.26 (1H, m), 1.29 (3H, t, J = 7.0 Hz), 0.95 
(3H, d, J = 6.5 Hz), 0.91 (3H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 167.5, 64.0, 61.6, 
33.1, 30.6, 30.1, 28.0, 22.2, 22.0, 14.2; HRMS (ESI) m/z: calcd for C10H17NO4Na [M + Na]
+
 
238.1050, found: 238.1052. 
 
(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 4.67 (1H, dd, J = 9.0, 3.5 Hz), 4.19 (2H, q, J = 7.0 Hz), 2.73 (1H, dd, J = 7.5, 
3.5 Hz), 1.99 (1H, dq, J = 9.0, 7.5 Hz), 1.74-1.50 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 1.28-1.26 
(1H, m), 0.96 (3H, t, J = 6.5 Hz), 0.91 (3H, t, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 169.1, 
64.3, 61.7, 33.6, 30.1, 29.4, 28.0, 22.3, 22.2, 14.2; HRMS (ESI) m/z: calcd for C10H17NO4Na 
[M + Na]
+
 238.1050, found: 238.1052. 
 
(1R*,2R*,3S*)-2-Nitoro-3-(phenylethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 7.32-7.26 (2H, m), 7.24-7.13 (3H, m), 4.48 (1H, dd, J = 4.5, 3.5 Hz), 
4.24-4.08 (2H, m), 2.85 (1H, dd, J = 11.0, 3.5 Hz), 2.70 (2H, t, J = 7.5 Hz), 2.35 (1H, dtd, J = 
11.0, 7.5, 4.5 Hz), 2.03 (1H, dq, J = 14.5, 7.5 Hz), 1.91 (1H, dq, J = 14.5, 7.5 Hz), 1.28 (3H, t, 
J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 167.4, 140.1, 128.6, 128.4, 126.4, 63.8, 61.7, 34.8, 
31.2, 30.0, 26.3, 14.1. HRMS (ESI) m/z: calcd for C14H17NO4Na [M + Na]
+
 286.1050, found: 
286.1049. 
 
(1R*,2R*,3R*)-2-Nitoro-3-(phenylethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 7.29-7.11 (5H, m), 4.62 (1H, dd, J = 8.0, 3.5 Hz), 4.14 (2H, q, J = 7.0 Hz), 
2.74-2.66 (3H, m), 2.11-1.91 (3H, m), 1.27 (3H, t, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 
168.8, 139.9, 128.4, 128.2, 126.2, 64.1, 61.7, 34.6, 30.5, 29.3, 26.8, 14.1; HRMS (ESI) m/z: 
calcd for C14H17NO4Na [M + Na]
+
 286.1050, found: 286.1050. 
 
(1R*,2S*,3R*)-2-Butyl-N-methoxy-N-methyl-3-nitorocyclopropane-1-carboxylic Acid 




H NMR (300 MHz, CDCl3) : 4.64 (1H, dd, J = 4.5, 3.5 Hz), 3.76 (3H, s), 3.34-3.31 (1H, m), 
3.21 (3H, s), 2.39 (1H, dtd, J = 11.5, 7.0, 4.0 Hz), 1.65-1.50 (2H, m), 1.41-1.25 (4H, m), 0.89 
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(3H, d, J = 7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 166.9, 63.7, 61.8, 32.4, 30.9, 28.9, 24.3, 
22.0, 13.9; HRMS (ESI) m/z: calcd for C10H18N2O4Na [M + Na]
+
 253.1159, found: 253.1160. 
 
(1R*,2R*,3R*)-2-Butyl-N-methoxy-N-methyl-3-nitorocyclopropane-1-carboxylic Acid 





NMR (300 MHz, CDCl3) : 4.66 (1H, dd, J = 8.5, 3.5 Hz), 3.76 (3H, s), 3.26-3.22 (1H, m), 
3.21 (3H, s), 2.02 (1H, m), 1.81-1.60 (2H, m), 1.47-1.25 (4H, m), 0.89 (3H, t, J = 7.0 Hz); 
13
C 
NMR (75 MHz, CDCl3) : 168.5, 64.9, 62.0, 32.5, 31.1, 30.8, 29.7, 24.8, 22.2, 13.9; HRMS 
(ESI) m/z: calcd for C10H18N2O4Na [M + Na]
+
 253.1159, found: 253.1159. 
 
(1R*,2S*,3R*)-2-Cyclohexyl-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 4.58 (1H, dd, J = 4.5, 3.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 2.89 (1H, dd, J = 11.0, 
3.5 Hz), 2.17 (1H, td, J = 11.0, 4.5 Hz), 1.84-1.36 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 1.25-1.04 
(5H, m); 
13
C NMR (75 MHz, CDCl3) : 167.4, 63.3, 61.6, 38.1, 34.0, 32.5, 32.2, 30.1, 26.0, 
25.61, 25.59, 14.2; HRMS (ESI) m/z: calcd for C12H19NO4Na [M + Na]
+
 264.1206, found: 
264.1205. 
 
(1R*,2R*,3R*)-2-Cyclohexyl-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester 




H NMR (300 
MHz, CDCl3) : 4.69 (1H, dd, J = 9.0, 3.5 Hz), 4.25-4.01 (2H, m), 2.76 (1H, dd, J = 7.5, 3.5 
Hz), 1.87-1.42 (7H, m), 1.29 (3H, t, J = 7.0 Hz), 1.25-1.09 (5H, m); 
13
C NMR (75 MHz, 
CDCl3) : 169.3, 64.2, 61.7, 37.3, 34.5, 32.7, 32.1, 28.5, 25.9, 25.7, 25.4, 14.1; HRMS (ESI) 
m/z: calcd for C12H19NO4Na [M + Na]
+
 264.1206, found: 264.1206. 
 
(1R*,2S*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid 





H NMR (300 MHz, CDCl3) : 4.49 (1H, dd, J = 5.0, 3.5 Hz), 2.81 (1H, dd, J = 
11.0, 3.5 Hz), 2.37-2.27 (1H, m), 1.73-1.48 (3H, m), 1.47 (9H, s), 0.96 (3H, d, J = 6.5 Hz), 
0.92 (3H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 166.4, 82.5, 64.0, 33.2, 31.3, 30.7, 
28.1, 22.4, 22.1; HRMS (ESI) m/z: calcd for C12H21NO4Na [M + Na]
+









H NMR (300 MHz, CDCl3) : 4.60 (1H, dd, J = 8.5, 3.5 Hz), 2.64 (1H, dd, J = 7.5, 
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3.5 Hz), 1.92 (1H, dq, J = 8.5, 7.5 Hz), 1.76-1.50 (3H, m), 1.46 (9H, s), 0.95 (3H, d, J = 6.5 
Hz), 0.90 (3H, t, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 166.4, 82.4, 64.2, 33.6, 30.5, 30.0, 
28.1, 22.3, 22.1; HRMS (ESI) m/z: calcd for C12H21NO4Na [M + Na]
+
 266.2922, found: 
266.1359. 
 
(1R*,2S*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid Phenylmethyl 





NMR (300 MHz, CDCl3) : 7.41-7.34 (5H, m), 5.18 (1H, d, J = 12.0 Hz), 5.12 (1H, d, J =1 2.0 
Hz), 4.57 (1H, dd, J = 4.5, 3.5 Hz), 2.94 (1H, dd, J = 8.0, 3.5 Hz), 2.41-2.31 (1H, m), 
1.70-1.39 (3H, m), 0.91 (3H, d, J = 6.5 Hz), 0.84 (3H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 167.2, 134.9, 128.6, 128.5, 67.4, 64.1, 33.2, 30.8, 30.1, 28.0, 22.3, 22.0; HRMS 
(ESI) m/z: calcd for C15H19NO4Na [M + Na]
+
 300.1260, found: 300.1204. 
 
(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid 





H NMR (300 MHz, CDCl3) : 7.40-7.30 (5H, m), 5.14 (2H, s), 4.68 (1H, dd, J = 9.0, 3.5 
Hz), 2.78 (1H, dd, J = 7.5, 3.5 Hz), 2.01 (1H, dq, J = 9.0, 7.5 Hz), 1.75-1.48 (3H, m), 0.94 (3H, 
d, J = 6.5 Hz), 0.89 (3H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 169.0, 134.9, 128.6, 
128.5, 67.5, 64.3, 33.6, 30.2, 29.3, 28.0, 22.2, 22.1; HRMS (ESI) m/z: Calcd for C15H19NO4Na 
[M + Na]
+
 300.1206, found: 300.1202. 
 
(1R*,2S*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carbonitrile (2,3-trans-13s) 




H NMR (300 MHz, CDCl3) : 
4.38 (1H, dd, J = 4.5, 3.5 Hz), 2.74 (1H, dd, J = 10.0, 3.5 Hz), 2.33 (1H, dtd, J = 10.0, 7.5, 4.5 
Hz), 1.92-1.79 (1H, m), 1.65-1.47 (2H, m), 1.01 (6H, d, J = 6.5 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 114.7, 62.6, 36.2, 27.9, 27.7, 22.4, 22.0, 14.7; HRMS (ESI) m/z: Calcd for 
C8H12N2O2Na [M + Na]
+
 191.0791, found: 191.0794. 
 
(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carbonitrile (2,3-cis-13s) 




H NMR (300 MHz, CDCl3) 
: 4.75 (1H, dd, J = 8.5, 3.5 Hz), 2.58 (1H, dd, J = 7.5, 3.5 Hz), 2.05 (1H, dq, J = 8.5, 7.5 Hz), 
1.80-1.47 (3H, m), 0.99 (3H, d, J = 6.5 Hz), 0.94 (3H, t, J = 6.5 Hz); 
13
C NMR (75 MHz, 
CDCl3) : 116.3, 62.2, 33.5, 29.3, 27.7, 22.1, 22.0, 12.6; HRMS (ESI) m/z: calcd for 
C8H12N2O2Na [M + Na]
+







Reduction of 13a [Scheme 63]. 
(E/Z)-3-(Hydroxyiminomethyl)heptanoic acid ethyl ester (15). To a solution of 13a (86 mg, 
0.4 mmol) in MeOH (8 mL) and 1M HCl (4 mL) was added Zn powder (523 mg, 8 mmol) in 
small portions over 10-15 min at room temperature. After being stirred for 1 h, the reaction 
mixture was poured sat. NaHCO3 and extracted with CHCl3, The organic phase was dried over 
MgSO4, and the solvents were removed under vacuum. The residue was purified by 





H NMR (300 MHz, CDCl3) : 7.38 (2/3H, d, J = 4.2 Hz), 6.62 (1/3H, d, J = 
7.5 Hz), 4.14 (6/3H, q, J = 7.0 Hz), 3.51-3.40 (1/3H, m), 2.83-2.72 (2/3H, m), 2.54-2.37 (6/3H, 
m), 1.52-1.43 (6/3H, m), 1.37-1.22 (12/3H, m), 1.25 (9/3H, t, J = 7.0 Hz), 0.89 (9/3H, t, J = 
7.0 Hz); 
13
C NMR (75 MHz, CDCl3) : 172.0, 171.9, 154.7, 153.8, 60.6, 37.3, 37.0, 36.4, 32.3, 







To a solution of the 1:1 mixture of 13a (43 mg, 0.2 mmol) in 
EtOH (2 mL) was added Raney Ni under H2 atmosphere at room temperature. After being 
stirred for 18 h, the reaction mixture filtered through a thin pad of Celite, and the solvent were 
removed under vacuum. The residue was dissolved in toluene and the solution was heated at 
reflux to assure complete cyclization. After the removal solvent, the residue was purified by 





H NMR (300 MHz, CDCl3) : 6.34 (1H, br s), 3.48 (1H, t, J = 8.5 Hz), 3.01 
(1H, dd, J = 9.5, 6.5 Hz), 2.49-2.38 (2H, m), 1.99 (1H, m), 1.49-1.42 (2H, m), 1.37-1.25 (6H, 
m), 0.90 (3H, t, J = 6.5 Hz); 
13
C NMR (75 MHz, CDCl3) : 178.6, 48.1, 36.7, 34.9, 34.3, 29.6, 
22.6, 14.0; HRMS (ESI) m/z: calcd for C8H16NO [M + H]
+
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